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Introductory  Note 


THE  Cyclopedia  of  Engineering  is  compiled  from  the 
most  practical  and  comprehensive  instruction  papers  of 
the  American  School  of  Correspondence.  It  is  intended 
to  furnish  instruction  to  those  who  cannot  take  a  correspondence 
course,  in  the  same  manner  as  the  American  School  of  Corre- 
spondence affords  instruction  to  those  who  cannot  attend  a  resident 
engineering  college. 

C  The  instruction  papers  forming  the  Cycloj)edia  have  been  pre- 
pared especially  for  home  study  by  acknowledged  authorities,  and 
represent  the  most  careful  study  of  actual  shop  needs  and  condi- 
tions. Although  primarily  intended  for  correspondence  study, 
they  are  in  use  as  text  books  by  Columbia  University,  Lehigh 
University,  Iowa  State  College,  the  University  of  Maine,  the  U.  S. 
Government  in  its  School  of  Submarine  Defense,  the  Westinghouse 
Companies  in  their  Shop  School,  and  for  reference  in  the  leading 
colleges,  shops  and  j)ublic  libraries. 

C  Years  of  exj)erience  in  the  shop,  laboratory,  and  class-room 
have  been  required  in  the  pre|>aration  of  the  various  sections  of 
the  (Cyclopedia.  Each  section  has  been  tested  by  actual  use  for 
its  practical  value  to  the  man  who  desires  to  know  the  latest  and 
best  j)ractice  in  the  shop  or  engine  room. 


€L  Numerous  examples  for  pnicticv  are  insertt^l  at  intervals;  theae, 
with  the  test  (juestions,  help  the  reader  to  tix  in  mind  the  essential 
points,  thus  combining  the  advanta<^8  of  a  text  book  with  a 
reference  work. 

C  Grateful  acknowledgment  is  due  to  the  corps  of  writers  aud 
collaborators,  wlio  have  pre|)ared  the  many  sections  of  this  work. 
The  hearty  co-ojK^ration  of  thest»  men — enirineers  of  wide  practical 
experience  and  acknowIedge<l  ability  —  has  alone  made  these 
volumes  possible. 

€L  The  ( jclopedia  has  l>een  compileil  with  the  idea  of  making  it  a 
work  thoroughly  technical  yet  easily  com pn*hendi»il  by  the  man 
who  has  but  little  time  in  which  to  acquaint  himself  with  the 
fundamental  branches  of  pnictical  enirinei»ring.  If,  therefore,  it 
should  benefit  any  of  the  large  numl)er  of  workers  who  need,  yet 

lack,  technical  training,  the  tnlitors  will  fivl  that   its  mission   has 

# 

been  accuinpliijlieci. 
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MACHINE  SHOP  WORK. 


PART  I. 


Machine  shop  work  is  usually  understood  to  include  all 
cold  metal  work  in  which  a  portion  of  the  metal  is  removed  to 
make  the  piece  of  the  required  shape  and  size  either  by  power- 
driven  or  hand  tools.  However,  there  are  some  branches  of  cold 
metal  work,  such  as  sheet-iron  work  and  coppersmithing,  that  are 
not  included  in  machine  shop  work. 

HAND-OPERATED  TOOLS. 

As  the  hand-operated  tools  are  much  simpler,  and  as  the  operar 
tions  performed  with  them  are  in  every  case  more  typical,  their 
description  and  use  should  precede  that  of  power-driven  tools.  It 
should  be  clearly  understood,  however,  that  machine  shop  practice 
involves  the  use  of  both  classes  at  the  same  time.  Even  hand 
tools  are  not  used  in  the  same  order  on  different  classes  of  work ; 
it  is,  therefore,  impossible  to  describe  them  in  the  order  of  use. 
Simplicity  of  construction  and  operation  vrill  be  the  guide  for 
treatment  in  the  following  pages. 


Fig.  1. 

The  machinist  uses  hammers  of  three  shapes  :  ball  pene,  cross 
pane,  and  straight  pene.  See  Fig.  1.  The  first  named,  the  ball 
pene,  is  the  most  common ;  it  varies  in  weight  from  four  ounces 
to  three  pounds.  The  cross  and  stniight  jx?ne  hammers  vary 
from  four  ounces  to  two  pounds  and  arc  used  principally  in  rivet- 
ing.     All  hammers  are  made   from  a  good  grade   of  cast  steel, 


11 


MACHINE   SHOP   WORK. 


hardened,  and  drawn  to  a  blue  color  at  the  eye  and  a  dark  straw 
on  the  face  and  pene.  The  eye  is  elliptical  in  shape,  and  the 
handle  is  fastened  by  driving  wedges,  either  wood  or  iron,  into 
the  end  of  the  handle,  thus  spreading  it  to  fill  the  eye.  The 
handle  is  of  hard  wood,  preferably  hickory,  and  of  a  length  suited 


Fig.  2. 

to  the  weight  of  the  hammerhead.  When  the  handle  is  properly 
inserted,  the  axis  of  the  head  stands  at  right  angles  to  tlie  axis  of 
the  handle. 

Soft  hammers  are  used  for  striking  heavy  blows  where  the 
steel  hammer  would  bruise  the  metal  or  mar  tlie  surface.  They  are 
made  of  rawhide,  copper,  or  Babbitt  metal,  and  vary  in  weight 
from  six  ounces  to  six  pounds.  They  are  subject  to  rapid  wear, 
but  are  indispensable  in  setting  up  and  taking  down  machinery. 
Those  of  metal  are  so  constructed  that  the  soft  metal  can  be  re- 
cast in  the  handle. 


Fig.  3. 

The  prick  punchy  Fig.  2,  is  made  of  cast  steel  with  a  hardened 
conical  point  of  about  60  degrees.  It  is  about  SJ  inches  long  and 
J  inch  in  diameter.  It  is  used  for  making  very  small  holes  at 
intervals  of  about  i  inch  on  a  line. 

The  center  punch,  also  shown  in  Fig.  2,  is  made  of  the  same 
i^neral  appearance  as  the  prick  punch,  hut  is  about  5  inches  long, 
i  inch  in  diameter,  and  has  a  pf>int  of  about  90  degrees.  The 
principal  use  is  to  make  center  holes  marking  the  centers  on  the 
ends  of  pieces  to  be  turned. 

l>oth  prick   ])iniclies  and  center   |)nnclies  are  usually  made  of 
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hexagonal  steel ;  but  if  round  stock  is  used,  the  grip  should  be 
fluted  or  knurled  to  prevent  slipping  in  the  fingers. 

The  scrlber  or  scratch  awl,  Fig.  3,  is  made  in  many  fonns, 
but  consists  essentially  of  a  cast-steel  rod  about  8  inches  long  and 
j^j  inch  in  diameter,  with  a  long,  slender,  hardened  point  at  each 
end;  frequently  one  point  is  bent  at  right  angles  to  the  shank. 
As  the  name  indicates,  this  tool  is  used  for  marking  lines  on  the 
surface  of  metiil. 

The  surface  gauge  is  used  in 
laying  out  work  for  the  bench, 
latlie,  or  planer.  The  ordinary 
form  consists  of  a  heavy  base,  an 
upright,  and  a  scriber  or  scratch 
awl ;  the  upright  being  firmly 
fastened  to  the  base.  In  the  uni- 
versal gauge,  tlie  upright  is  piv- 
oted at  the  base  so  that  it  may  be 
used  at  any  angle.  In  some  forms 
the  base  is  grooved  in  order  that 
the  gauge  may  be  used  on  cylin- 
drical work  as  well  as  on  flat  sur- 
faces.    See  Fig.  4. 

To  use  the  gauge,  the  part  of 
the  work  to  be  laid  out  must  be 
prepared  so  that  lines  drawn  on 
the  surface  will  show  distinctly. 
A  rough  or  unfinished  surface,  is 
covered  with  chalk,  a  finished  or 
bright  surface  should  be  copper- 
plated  by  applying  a  thin  coating 

of  copper  sulphate  solution  with  a  brush  or  a  piece  of  waste.  The 
work  and  gauge  are  then  placed  on  a  true  surface  and  the  scriber 
adjusted  to  the  desired  height.  The  line  is  drawn  by  moving  the 
surface  gauge  along  on  the  true  surface,  keeping  the  point  in  con- 
tact with  the  work.  After  scribing  the  lines,  it  is  well  to  place 
light  prick  punch  marks  at  frequent  intervals  along  the  linos,  sc 
that  the  position  may  be  found  if  the  chalk  or  copi)er  sulphatt 
becomes  effaced. 


Fig.  4. 
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The  straight  edge  consists,  iu  its  simplest  form,  of  a  thin 
flat  piece  of  steel,  generally  unhaixleued,  witli  accurately  finished 
straight  edges.  The  very  small  sizes  used  in  fine  work  are  some- 
times  made    with    a   iianlened   knife   edge.      A    non-conducting 

handle  is  sometimes  used  v.ith 
tlie  small  sizes  to  prevent  dis- 
tortion from  the  unequal  heat- 
ing due  to  handling.  The  short 
lengths  used  for  ordinary  shop 
purposes  have  one  edge  bev- 
eled, and  are  tliick  enough  to 
avoid  Ixiuding.  See  Fig.  5. 
The  larger  sizes,  from  three  to 
ten  feet  or  more  in  length,  are 
usually  made  of  cast  iron  with 
one  finished  edge.  The  metal  is  so  distributed  as  to  combine 
lightness  with  great  rigidity,  the  tendency  of  the  ends  to  drop 
being  resisted  by  the  truss-like  form  of  the  casting  shown  in  Fig. 
6.  The  flat  form  is  used,  in  connection  with  the  scriber,  to 
draw  accurate  straight  lines  on  plane  surfaces.  All  styles  are 
used  to  test  the  truth  of  phine  sufaces  by  placing  the  straight  edge 
on  the  surface  to  be  tested  in  not  less  than  the  six  positions  shown 
in  Fig.  7. 


Fig.  G. 


Fig.  6. 


For  drawing  lines  and  laying  off  distances  on  curved  sur- 
faces, such  as  shafts,  a  combination  of  two  straiglit  edges,  or  a 
straight  edge  and  a  rule,  is  used.  Tliis  is  often  called  a  key 
seat  nde  because  its  chief  use  is  laying  out  keys  on  shafts. 
However,  many  macliinists  call  it  a  "box-rule."  It  is  usually 
made  in  one  piece,  although  pome  manufacturei*s  provide  clamps 
by  which  the  two  se[)arcite  pieces  are  held  at  rigl.t  angles  to  one 
another.  A  more  simple  combination  is  shown  in  Fig.  8,  the 
second  scale  being  represented  by  two  special  clamps. 
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The  simplest  form  of  square,  called  the  fat  square  (Fig.  9), 
is  A  combiQation  of  two  straight  edges  at  right  angles.  Thia  is 
a  useful  form  where  the  square  is  laid  on  the  work.     One  blade 


is  usually  graduated  on  the  inner  edge,  and  the  oUier  on  Uie 
outer  edge.     The  flat  «quare  is  not  hardened. 

The  try  square,  shown  in  Fig.  10,  consists  of  a  beam  and 
a  blade  at   right  angles.     The  beam   is   much  thicker  than  tlie 


Fig.  8. 


blade  and  somewhat  shorter.  Tiy  squares  aie  made  l)nth  un- 
hardened  and  hardened.  The  unhanlened  form  has  gniduations 
on  one  edge,  and  is  called  the  graduated  try  square.  The  hard- 
ened type  always  has  a  hardened  blade,  sometimes  a  hardened 
beam  as  well,  and  is  not  graduat«d. 
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The  try  square  is  used  as  a  guide  to  draw  lines  at  right  angles 
to  each  other  and  to  given  surfaces ;  to  erect  and  test  perpendic- 
ulars to  plane  surfaces ;  to  test  the  truth  of  a  given  surface  at 
right  angles  to  another  surface ;  in  short,  it  is  used  wherever  an 
accurate  measurement  of  90®  is  required.  When  used  for  testing 
the  relation  of  two  surfaces,  the  beam  is  pressed  closely  against 
the  correct  surface,  and  the  blade  brought  carefully  down  to  the 
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Fig.  a 


surface  under  consideration.  This  does  not  prove  more  than  that 
a  line  at  the  particular  p)int  tested  is  or  is  not  at  right  angles  to 
the  true  surface.  By  using  the  blade  as  a  straight  edge  parallel 
to  the  true  surface,  erroi-s  in  that  direction  may  be  corrected  and 
the  surface  be  made  plane. 

In  many  cases  it  is  necessary  to  test  the  relation  of  lines  and 
surfaces  which  are  not  at  rioht  angles  to  each  other.  For  this 
purpose  a  bevel  is  used  in  which  what  corresponds  to  the  blade 
of  the  square  is  made  adjustable.  Its  construction  is  seen  in 
Fig.  11,  and  its  use  is  similar  to  that  of  the  square. 
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The  bevel  can  be  adjusted  only  by  direct  application  to 
Hues  or  surfaces  having  the  proper  angular  relation.  It  often 
happens  that   such   adjustment 


Fig.  10. 


is  not  feasible,  and  therefore  a 
registering  device,  in  the  form 
of  a  graduated  arc,  is  applied 
to  the  bevel,  making  what  is 
known  as  a  protractor,  shown 
in  Fig.  13.  This  tool  can  be 
used  to  find  the  angular  rela- 
tion in  degrees  or  to  produce  that  relation  by  setting  to  the 
proper  point  on  the  graduated  arc. 

As  tlie  center  of  a  cii'cle  is  found  at  the  intersection  of  any 
two  diameters,  an  instrument  for  readily  finding  that  point  is  a 
great  convenience.  In  Fig.  12  is  shown  a  combination  of  straight 
edge  and  square  called  a  center  square,  which  accomplishes  this 


Fig.  11. 


result.  As  one  edge  of  the  rule  bisects  the  angle  of  the  square, 
it  is  evident  that  a  line  drawn  by  tliat  edge  passes  through  the 
center  of  any  circular  piece  to  which  the  square  is  applied. 
Centering  the  ends  of  round  bars  or  circular  work  of  any  kind 
is  the  principal  use  of  this  tool. 

The  center  square,  bevel,  and  protractor  are  furnished  in  a 
combination  set  as  shown  in  Fig.  14.  The  ability  to  change  the 
length  of  the  blade  is  one  of  the  great  benetits  of  this  construction. 
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MEASURING   TOOLS 

The  testing  tools  thus  fur  described  are  used  for  comparing 
the  angular  relation  of  lines  and  surfaces,  and  may  be  called  tools 
for  angular  measurement.  We  now  tuni  to  the  consideration  of 
instruments  for  measuring  distances  and  sizes,  or  tools  for  linear 
measurement. 


■hUjMaiJ.iJiiiliiiliiiliJiliiiliiiliiiiiii 
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Fig.  12. 


The  most  common  tool  for  linear  ineaaturvmeutH^  and  one  which 
hardly  requires  description,  is  the  so  called  carfjenter's  or   two- 


Fi-    l:J. 


foot  rule.     This  is  veiy  convenient  ior  the  machinist  in  making 
measurements  which  are  not  required  to  l)e  very  accurate.     For 
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work  of  greater  refinement,  the  standard  steel  scale  (Fig.  15)  is 
used.  This  is  in  reality  a  divided  or  graduated  straight  edge  and, 
as  such,  forms  a  part  of  sevend  tools  already  described.  The 
most  common  form  of  steel  scale  is  flat,  varying  from  one  to  forty- 


Rg.  14. 


eight  inches  in  length,  and  carefully  hardened  and  ground.  The 
gmduations  in  the  better  class  of  scales  are  cut  with  a  dividing 
engine.  siUiough  the  lines  may  be  etched  on  the  surface  with  a 
fidr  degree  of  accuracy.  A  thin  and  somewhat  narrower  fonn, 
called  a  flexible  scale,  is  made  in  sizes  from  four  to  thirty-six 
inches.     What  are  known  as  narrow  scales  are  obtainable  from 
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Pig.  15. 

four  to  tfiirty-aix  inches,  and  are  of  great  convenience  in  cert^n 
cases.  Besides  these  shapes,  square  scales  are  made  in  sizes  from 
three  to  six  inches  in  length,  and  tlie  triangular  form  varies  in 
length  from  three  to  twelve  inches.  Steel  scales  with  the  Eng- 
lish system  of  graduation  can  be  obbtined  with  tlie  inches  divided 
>q    eighths,    sixteenths,   thirty-seconds,    sixty-fourths ;  twelfths, 
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tweiitj'-fourths ;  tentlis,  twentietlis,  liftietlis,  and  hundred Uis. 
Special  scales  are  made  with  graduations  esi>ecially  adapted  to 
such  uses  as  gear  blank  sizing,  etc. 

The  ends  of  flat  rules  ai-e  sometimes  graduated,  making  what 
might  be  called  a  very  short  rule  with  a  handle.  Flat  rules  are 
sometimes  graduated  with  Metric  divisions  as  line  as  one  milli- 
meter, and  from  five  centimeters  to  one  meter  in  length. 

For  transferring  and  com[)aring  distances,  dividers  are  com- 
monly used.     They  ai«  classified  accoixluig  to  the  style  of  joint 


Fig.  10. 


#  Fir,'.   17. 


and  the  length  of  the  leg.  The  most  simple  joint  is  tlie  friction, 
and  like  all  frictional  devices,  is  hanl  to  set  accurately.  Lock-joint 
dividers  can  he  moved  freely  to  apj)roximately  the  right  jmsition, 
the  joint  locked,  and  the  adjusting  screw  used  for  the  final 
setting. 

Wing  dividers,  Fig.  1(),  are  of  about  the  same  construction 
as  the  lock  joint,  except  that  tlie  fastening  is  made  on  the  wing 
instead  of  at  the  jnvot.  Tlie  l)est  of  all  forms  has  a  spring 
a<ljustment  as  shown  in  V\\r.  17.  In  tliis  ty^H*,  a  spring  tends  to 
o|x^n  the  (lividei's,  and  the  U*gs  are  closed  against  the  spring  by 
^  nut  woiking  on  a  screw  which  is  fastened  to  one  leg  and  passes 
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freely  through  the  other.  The  length  of  dividers  varies  from 
two  and  nne-hiilf  to  ten  inches.  The  distance  to  wliich  dividers 
can  he  opened  is  generally  ii  b-Ait  equal  f i>  tlie  k'ngth  of  the  leg. 
For  distil  nee  s  ahove  ten  inches,  trammel  points,  diagram,  Fig.  18, 
are  convenient.  They  consist  of  hardened  steel  jjointa  attached 
to  metal  sockets,  and  can  he  used  on  rods  of  any  length.  One 
I)omt  may  have  a  spring  adjustment,  and  in  tliat  case  can  be 
set  in  the  same  manner  as  a  pair  of  wing  dividers. 

Next  in  imporlance  to  the  dividers  iis  an  adjustable  distance 
gauge,  are    the  calipers.     Instead  of  having  straight  legs   witti 


Fig.  18. 


sharp  points,  caliper  legs  are  bent  and  have  blunt  points.  As  dis- 
tances are  to  l)e  measured  both  outside  and  inside  of  solid  bodies, 
we  have  outside  and  inside  calipera,  Tlie  legs  of  outside  caUpere 
have  a  large  curvature  so  that  the  calipers  may  be  passed  over 
cylinders  of  their  greatest  capacity. 

Inside  calipers,  Fig,  20,  are  more  like  dividers  in  general  ap- 
pearance, the  ends  lieing  bent  outward  ulightly  and  the  points 
rounded.  The  same  styles  of  joints  ust-d  in  divider  nrb  used  in 
calipers,  and  the  size  of  cali[>ers  is  also  designated  by  the  distance 
from  the  joint  to  the  end  of  the  li-j;.     S[)ring  cali[>er3  me  niwde 
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in  sizes  from  two  and   one-half  to  eight  inches,  wliile  the  othet 
styles  vary  up  to  twenty-four  inclies. 

As  it  is  sometimes  necessary  to  make  measurements  behind 
shoulders  and  in  chaniberetl  cavities,  where  the  ordinary  calipers 
could  not  be  removed  after  setting,  it  is  necessary  to  have  cal- 
ipers BO  arranged  that  they  may  I>e  set,  changed  to  clear  the 
obstruction,  and  then  reset  accurately  in  tlie  first  position.  This 
is  accomplished  by  transfer  calipers,  shown  in  Fi^.  19,  in  which 
one  leg  is  temporarily  fastened  to  a  stub  or  false  leg.  ■  After  set- 


Fig,  at. 


>-ig.   18. 


ting,  tlii.s  leg  may  be  moved  away  fnim  tlie  stub,  the  calipers 
witlidi-awii,  awl  the  leg  again  placed  in  contact  with  the  Stub; 
tlie  points  will  then  he  found  to  occupy  the  same  position  as 
when  first  set.  Small  curved  legs  may  be  n.se<l  in  place  of  points 
or  trammels  in  ealiperiiig  lai^e  ohjects. 

Both  dividers  and  ealiiiei-s  arc  usually  set  by  means  of  a  scale. 
In  setting  divideni,  place  diie  ]»iiiit  in  a  gmduation  of  the  licale, 
and  move  the  other  until  it  falls  easily  into  anutlier  graduation 
which  gives  the  required  disfamee.  Outside  calipers  ai*  often  set 
by  placing  one  leg  against  Uie  end  nf  tlie  scale  and  moving  the 
other  until  it  is  opposite  the  middle  of  the  graduation  giving  the 
required  length.     A;;  the  gmduaticins  are  not  mathematirni  lines. 


liut    liavi 


'ciable 


vidtli.   this    last 


is  one  of 


MACHINE   SHOP   WORK.  15 

great  importance.  Inside  calipers  are  set  by  placing  both  tlie 
scale  and  caliper  toe  against  a  plane  surface  as  shown  in  Fig.  21 ; 
the  other  toe  is  then  set  tlie  same  as  the  outaide  caliper. 

Caliper  legs  are  comparatively  slender,  are  easily  bent,  and  care 
must  be  taken  in  using  them  to  see  tliat  the  contact  with  the 
object  being  tested  is  very  light.  It  is  an  easy  matter  Uy  spring 
calipers  of  common  sizes  as  much  as  one-sixteenth  of  an  inch. 

The  caliper  square  is  made 
by  attaching  a  movable  blade 
to  tlie  common  square.  In  tlie 
ordinary  forms  it  closely  re- 
sembles a  steel  rule  with  two 
arms  extending  from  it  at  right 
angles,  one  fixed  near  the  end 
and  the  adjustable  arm  sliding 
along  the  scale  with  a  clamping 
device  for  adjusting  this  mov- 
able arm.  In  order  that  the 
movable  arm  may  be  set  accurately,  caUper  squares  (Fig.  22),  as 
at  present  constructed,  hii\'e  two  clamps  for  the  movable  ami. 
The  one  carrying  the  thumb  nut  is  to  l)e  first  clamped  in  approxi- 
mately tlie  right  position ;  tlie  clamp  on  tlie  movable  arm  being 


,1,i,i,l,„hl,i 


Fig.  22. 


secured  after  the  adjustment  has  been  made  by  the  nut.  Tlic  sizes 
used  vary  from  three  inches  up,  and  are  limited  imly  liy  the  length 
of  scales  obtainable. 

For  measurements  which  are  required  to  be  more  accurate  than 
can  be  (Stained  by  the  preceding  forms  of  calipering  devices,  the 
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micrometercaliper,  Fijr.  ;>;!.  is  ust'd.  Tiie  Bc-CHracv  of  iu  inoas- 
ureiueiits  is  ik'b'nniiietl.  imt  l>v  direct  setliiijiln  tivi>  lines,  but  liy 
finely  dividing  tlie  |jitch  nf  tlie  nieasiiriiig  ncivw  and  fiimiBhinp 
means  for  readinji;  these  an Ixli visions.  It  is  a  registeriiij^  as  well 
as  ail  iiuHcatintr  eiilii)er,  and  thus  sei-ves  the  jiurpose  of  a  coinnmn 
caliper  in  eon il>i nation  with  a  rule,  hut  with  a  much  greatiT 
degree  of  accuracy. 

It  consists,  essentially,  of  a  crescent-sha(>etl  frame  carrying  ii 
hardened  steel  anvil  It  at  oni?  end  and  a  nut  of  fine  pitch  at  the 
other;  the  axis  of  the  nnt  Iwinj;  at  Hjjht  anodes  to  the  face  of  the 
anvil.      Tlie  outside  of  the  nnt.  A,  forms   a  projection  beyond 


the  crescent  that  is  called  the  burrcl. 

sists  of   ii   (iiie-])itclied 

measuring  point  (',  liav 

Firmly  attached  to  the 

fitting  closely  over  tlie  1; 

80  that  fjraduations  phi< 

barrel.     A   reference  line  is  dniwii 

axis  anil  graduated   to  rcjircscnt    tl; 

chamfered  edge  of  the  tliiml.U-  is  s, 

of  one  division  jiast  the  n-fi'M'Uic  1 


The  nieaanriiig  screw  con- 
to   fit    the  nut,   combined   with   a 
[■f  [larallel  wilh   that  of  the  anvil. 
lid  of  this  screw,  is  a  thimble    D, 
ho  vtliii-  of  this  thimble  is  leveled 
the  edge    come    very  close    to   the 
.    llic  barrel   ].arallel    to    its 
piU'li  of   Ibc  screw.     Tlie 
ividcd   that  tlic  movement 
'   on   till-  Uiri'd  iudicatet)  a 


movement  of  the  measuring  \n 
For    example:     if    the    pitcli 
iiiiiidredth   of  an   inch,    tliere 


int  <if  one  ihonsandlh  of  an  inch. 
iif  till'  nuiasnring  screw  is  one 
^iiould     he    ti'ii    divisioiiii    on    tlie 
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thimble ;  if  one  fiftieth  of  an  inch,  twenty  divisions ;  if  one 
fortieth  of  an  inch,  twenty-five  divisions ;  if  one  twenty-fifth  of 
an  inch,  forty  divisions.  Measuring  screws  having  a  pitch  of  one 
fortieth  of  an  inch  are  commonly  used,  and  every  fourth  division 
on  the  barrel  lengthened  and  numbered  to  indicate  tenths  of  an 
inch  as  shown  in  Fig.  25. 

In  using  the  micrometer  caliper,  it  should  not  be  set  at  the 
size  required  and  pushed  over  the  work,  but  should  be  screwed 
down  until  the  measuring  point  C  and  anvil  B  are  in  contact  with 
the  work;  the  size  may  then  be  read  from  the  relation  of  the 
thimble  to  the  reference  line  on  the  barrel.  The  proper  degree 
of  pressure  to  be  applied  to  the  screw  is  acquired  only  after  ex- 
tended practice,  and  some  manufacturers  place  a  friction  device 
on  the  thimble  so  that  undue  pressure  cannot  l>e  exerted. 


Fig.  24. 

The  micrometer  caliper  will  not  only  indicate  that  the  work 
is  too  large  or  too  small,  but  will  also  show  exactly  the  amount 
by  which  it  differs  from  the  desired  measui-ement.  This  is  a  great 
improvement  over  the  rigid  fonn  of  calipera,  and  enables  tlie 
workman  to  judge  more  accumtely  the  progress  of  the  work. 
This  form  of  caliper  is  rapidly  coming  into  favor  in  si)ite  of  its 
cost,  and  for  this  reason  it  has  been  described  more  at  length  than 
the  common  forms  previously  considered. 

The  range  of  motion  of  the  measuring  screw  is  usually 
limited  to  one  inch.  Various  devices  give  the  micrometer  caliper 
a  larger  range  of  action.  Micrometer  calipers  may  now  be  pur- 
chiised  in  combinations  or  sets  giving  a  range  from  zero  to  twelve 
inches. 

The  application  of  the  micrometer  principle  to  inside  meas- 
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urements  is  not  in  genenil  use,  but  is  easy  t^)  arrange,  and  makes 
a  very  simple  instrument,  as  shown  in  Fig.  24.  It  consists  of  an 
ordinary  micrometer  head,  exee[)t  that  the  outer  end  of  the  tliim- 
ble  carries  a  contact  point,  attiielied  to  a  measuring  rod  which  may 
be  of  any  len<:jth.  Two  inclies  is  about  the  shortest  distance  tliat 
can  be  measured  with  tliis  device,  but  thei-e  is  hanlly  any  limit  in 
length,  as  the  rigidity  of  the  rod  is  t^isily  i>rovided  for.  It  is  evi- 
dent that  such  rigidity  is  haixler  to  obtain  in  the  curved  shape 
necessary  for  outside  measurement,  and  thus  limits  this  form  to 
al)out  12  inclies,  as  above  stated.  The  contact  jxiints  iu  the 
outside  type  ai-e  pinillel  j)hine  surfaces,  and  in  tlie  inside  form  are 
rounded  points  of  small  melius.     Outside  mit^rometers   aire    pnv 


Fitr.  25. 

vided  witli  contict  jKjints  of  varying  forms  for  measuring  paper, 
threads,  walls  of  tulnis,  etc.  The  sIuijk's  for  these  purposes  will 
not  be  shown,  but  may  easily  b»  imagined. 

Reading^  the  Micrometer.  As  stated  alM>ve,  the  micrometer 
screw  has  40  threads  per  inch  and  tlie  thimble  has  25  divisions 
on  its  circumference.  The  barrel  is  divided  to  eorresi)ond  to  the 
pitch  of  the  screw  with  eacli  fourth  division  numl)ere<l.  In  read- 
ing the  indicated  measurement,  iirst  note  the  highest  number  visi- 
ble on  the  barrel,  and  call  it  hundrcMls  of  thousands  or  tenths.  (In 
Fig.  25  it  is  400  thousandths  or  .400.)  Then  n^ad  the  short 
divisions  on  the  barrel,  callinjjr  ilu*  ijist  division  25  thousandths 
(.025),  the  second  50  thousandths  (.050),  and  the  thiitl  75  thou- 
sandths (.075).  In  this  iignrc  the  third  division  is  the  last  one 
visible.     Now  read  the  numl>er  indicated  on  the  tliimble;  that  is* 
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the  number  that  has  passed  the  line  running  lengthwise.     In  the 
figure  it  is  16;  or  16|  if  the  reading  is  to  be  finer  than  thou- 
sandths.    Add  this  reading  to  the  readings  of  the  short  divisions, 
thus:    75  +  16.]=  91 1  ;    this 
is  .091J.     Adding  the  .400 
to  this  we  get  .491].     This 
means  that  the  distance  from 
the  anvil  to  the  measuring- 

point  is  ^V^VlF  ^^  ^^  nichy  or 
.4915  inch.  If  the  microm- 
eter caliper  is  a  good  one, 
we  may  be  sure  the  distance 
is  between  .491  inch  and 
.492  inch. 

The  Vernier.  As  has 
already  been  stated,  the  finest 
graduation  that  can  be  easily 
read  on  a  steel  rule  by  the 
naked  eye,  even  after  much 
practice,  is  one-hundredth  of 
an  inch.  With  the  growing 
refinement  in  measurements, 
it  was  found  necessary  to 
obtain  readings  finer  than 
this,  and  a  method  of  subdi- 
vision, known  from  the  name 
of  the  inventor,  as  the  "  Ver- 
nier," was  adopted.  Tlie 
principle  will  first  be  ex- 
plaint     (See  Fig.  26.) 

Let  two  rules  be  so 
graduated  that  the  true  scale 
has  each  inch  divided  into 
ten  equal  parts,  and  the  Ver- 
nier scale  has  ten  divisions  occupyin<:r  tlu;  same  space  as  nine  of 
the  divisions  of  the  scale.  It  is  evi<lent  that  one  of  the  (h'visions 
on  tlie  Vernier  is  equal  to  -^^^  of  oni'  of  tliose  on  the  scale.  Now,  if 
the  Vernier  be  moved  to  the  lirr't  s<»  thjit  tlie  t;ra«Inations  marked 
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1  shall  coincide,  tlie  Vernier  will  have  moved  one  tenth  of  a  divis- 
ion on  the  scale,  or  one  hundredtli  of  an  inch;  when  graduations 
nuinl)ei*ed  5  coincide,  the  Vernier  will  liave  moved  five  hundredths 
of  an  inch;  when  lines  marked  0  and  10  coincide,  the  Vernier 
will  have  moved  nine  hnndRMlths  of  an  inch ;  and  when  10  on 
the  Vernier  conies  oj)posite  10  on  the  scale,  the  Vernier  will  have 
moved  ten  hnndredths  of  an  inch,  or  the  whole  of  one  division 
on  the  scale.  By  tliis  means  the  scale,  althongh  graduated  only 
to  tenths  of  an  inch,  may  l)e  accurately  set  at  points  whose  posi- 
tions are  expressed  in  hundredtlis  of  an  inch. 


7P 


H+W 


Fig.  27. 


Let  us  consider  Fi^.  26.  At  A  the  Vernier  is  shown  witli 
the  0  in  line  with  2  on  the  scale ;   hence  the  reading  is  2.000. 

In  B,  the  0  of  the  Vernier  has  moved  to  the  right  beyond  the 
division  marked  5.  The  line  9  on  the  Vernier  is  in  line  with  a 
line  on  the  scale ;  hence  the  i-eading  is  2.  ")9. 

In  C,  the  zero  of  the  Vernier  has  moved  to  the  right  still 
farther.     The  reading  is  evidently  4.05. 

In  D,  the  reading  is  8.4^]. 

In  E,  the  i-eading  is  2.2«. 

While  arcs  of  small  radius  can  l>e  easily  graduated  into  de- 
grees, it  is  not  possi])le  to  sulnlividc  the  <lcgrec  without  making 
the  divisions  confusing.  By  aid  of  the  Vernier  placed  just 
above  the  true  scale  representing  degi-ees,  readings  can  be  made 
with  accuracy  to  one-tenth  of  a  degree,  or  six   minutes.      The 
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divisions  of  such  a  Veniipr  scale  are  shown  in  Fig.  27,  and  are 
also  shown  when  set  to  read  76°  48'. 

The  most  common  api^ication  of  the  Vernier  to  linear  meas- 
urements is  found  in  the  Vernier  caliper  square.     The  one  shown 


in  Fig.  28  reads  to  one-thonsandth  of  an  inch.  Each  inch  of  the 
true  scale,  or  beam  of  tlie  instrument,  is  divided  into  40  parts 
(every  fourth  graduation  being  emphasized),  while  the  Vernier, 
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VERNIER 
Fig.  28a. 

or  sliding'Scale,  has  25  divisions,  occupying  the  same  space  as  24 
divisions  on  the  true  scale,  liy  tiie  reasoning  used  in  connection 
with  Fig.  26  the  difference  in  length  of  one  (li\ision  on  tlic  Ver- 
nier, as  compared  with  one  of  those  on  the  true  scale,  i.s  e<)ual  to 
one  twenty-fifth  of  one  fortieth  or  one  thonsandtli  of  an  inch.  'I'he 
caliper  sqtiare  shown  in  Fig.  28  is  set  at  .279  inch.  The  scale  is 
also  shown  enlarged  in  which  the  reading  is  1.31  inch. 

By  the  use  of  the  Vernier  in  connection  witli  the  micrometer 
caliper,  readings  are  eauily  made  to  one  teii-tliousandth  of  an  inch. 
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As  shown  ill  Fig.  i'.*,  lines  are  drawn  tm  the  biuiel  parallel  to  the 
reference  line,  nuikirig  ten  finuil  divisions  ot'cupying  the  same 
space  as  nine  divisions  on  the  tliinihle.  Hoferring  to  Fig.  30,  it 
will  be  seen  that  eiicli  division  on  thi^  tliiinhle  may  1)6  accurately 
divid(>il  into  ten  piirts,  each  indicating  a  clill't^reiiue  in'tiie  poaitiou 


Fits-  29. 


of  the  nietisniing  point  of  one  ten-lhonsandth  of  an  inch.  Rapid 
residing  of  tlir  Vernier  in  any  furni  can  c^nly  Ih;  iu'(|nirfd  hy  prjio- 
tice,  hnt  the  follnwing  directions  may  Iw  fonnd  licl)ifnl : 

In  Reading  the  Vernier,  we  ninst  licar  in  mind  the  fact  that 
each  division  on  the  Vcrnit-i-  is  -^\-  of  one  division  on  the  scale, 
and  tliat  if  line  No.  1  (hi  tin-  Vci'inci-  is  in  line  with  any  division 
of  tlie  scale  the  zero  of  the  Vernier  is  -^^  of  one  divisiim  awiiy 
from  the  gnidnatiim  IhOhw  it :  if  line  No.  2  is  in  line,  the  zero  is 
1*1,  away  from  tlie  gnidnalinn;  if  line   No.  (!  is  in  line,  tlie  zeni 


18  -i"o   away. 

Suppose  Uie  Veniiei  is  in  nosilim 


the  scale  a 


1  graduated 
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as  shown  in  Fig.  30.  Fii-st  read  the  highest  division  on  the  scale 
to  the  left  of  the  zero  on  the  V^ernier.  (69  is  the  division  in  the 
Hguiv.)  Then  follow  along  the  scale  (to  the  right)  until  two 
graduations  are  found  that  are  in  line,  as  at  6  on  the  Vernier  and 
75  on  the  &;ale.  Now,  since  one  division  on  the  Vernier  means 
that  the  zero  is  -^^  of  a  division  of  the  scale  away,  six  divisions 
of  the  Vernier  means  that  the  zero  is  -j^^  away ;  hence  the  zero 
of  the  Vernier  is  -^  l)eyond  the  69,  and  the  reading  is  69  and 
-^^  or  69.6. 

Arcs  of  circles,  such  as  are  on  surveyor's  instruments,  may 
be  graduated  to  read  to  half  degrees  if  the  diameter  is  about  8 
inches.  Now,  if  we  put  on  the  circle  a  Vernier  graduated  so  that 
we  have  30  divisions  equal  to  29  divisions  of  the  scale  (arc),  we 
can  read  30ths  of  half  degrees  or  minutes. 
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Fig.  30. 
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Vernier  Micrometer.  To  get  very  accurate  i-eadings,  a  Ver- 
nier scale  is  placed  on  the  barrel  of  the  micrometer  caliper.  Let 
Fig.  29  represent  the  back  side  of  the  micrometer  calii)er  shown 
in  Fig,  25.  The  reading  already  obtained  was  .491  inch.  Now 
turn  tlie  caliper  over  (Fig.  29),  and,  commencing  at  the  right, 
count  the  graduations  until  one  is  reached  that  coincides  or  is  in 
line  with  a  graduation  on  the  thimble.  In  doing  this,  call  the  first 
division  zero,  the  second  1,  the  thinl  2,  etc.  The  number  of  the 
division  on  the  Vernier  that  is  in  line  with  the  division  on  the 
thimble  indicates  the  ten-thousandths  above  the  regular  microme- 
ter reading.  From  Vig.  29  we  see  that  the  5th  line  is  the  gradu- 
ation which  is  in  line  with  the  division  on  the  thimble  which 
should  be  called  4,  as  explained  above.  Then  the  reading  is 
.4914  instead  of  .4915,  as  we  read  it  fiom  the  other  side  (the 
plain  micrometer).  With  a  good  micrometer,  we  can  be  sure  that 
the  distance  between  the  anvil  and  the  point  is  more  than  .4913 
aad  less  than  .4915. 
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The  Retrograde  Vernier.  In  jvUlition  to  the  direct  Vernier, 
there  is  another  form  called  the  retrograde  \'ernier,  wliich  has  10 

divisions  on  the  Vernier  and  11  on 
the  scale.  In  this  case  the  gradiia- 
tions  on  the  Vernier  must  1x5  i*e- 
verscd,  as  shown  in  Fig.  31. 

Calii)ei-8    reading  to  ten-Uious- 
andths    should    not   be    cooinionly 
used   wlien   line    measurements  are 
not  recjuired,  because  in  an  instru- 
ment of  this  class  wear  is  i)ercei)til)le  and  important  which  would 
l)e  of  compiiratively  little  consequence  in  a  cali[)er  that  reads  only 
to  thousandths. 

In  using  the  micrometer  calii)er  for  fine  measurements,  care 
should  be  taken  in  tlie  handling  of  the  instrument.  Constant  con- 
tact with  the  warmth  of  the  liand  will  expmd  it  sufficiently  to 
make  an  error  in  the  reading.  The  Ixxly  should  l)e  held  between 
tlie  thumb  and  forefinger  of  one  hand  and  the  thimble  turned  with 
the  other.  It  should  })e  laid  aside  as  soon  as  a  i*eading  has  been 
niiule.  It  should  never  l)e  laid  upon  a  piece  of  cold  iron,  because 
the  contraction  due  to  chillinrr  is  likely  to  cause  an  error  in  tiie 

CD  V 

opposite  direction  from  that  which  would  be  caused  by  the  heat 
of  the  hand. 
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EXAMPLES   FOR   PRACTICE. 

1.  A  micrometer  caliper  shows  a  reading  of  .463  ;  how  many 
times  must  the  thiml)le  he  turned  to  produce  a  reading  of  .587  ? 
Assume  40  threads  i)er  incii.  Ans.  4J|  tiiiies. 
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2.  What  are  the  readings  of  the  Vernier  micrometer 
shown  in  Figs.  A  and  B?       Ans.  .039. 

3.  State  the  readings  of  tlie 
njicrometer  calipers  shown  in  Figs. 
C  and  D.  Ans.  .1546. 

4.  Give  the  readings  of  tlie 
Vernier  micrometer  calipers  shown 
in  Figs.  E  and  F.  Ans.  .7398. 

6.  Sketch  the  front  and  back  of 
a  Vernier  micrometer  caliper  when 
the  reading  is  .6327. 

6.  What  is  the  reading  of  the 
Vernier  and  scale  when  in  position  G? 

Ans.  6.36. 
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Fixed  Gauges.  While  the  adjustable  gauges  that  have  just 
been  described  are  available  for  a  lai'ge  range  of  work,  gauges  of 
one  dimension,  or  fixed  gauges,  are  used  to  a  considerable  extent, 
especially  in  shops  where  work  of  a  duplicate  chai-acter  is  produced 
in  large  quantities.  These  may  be  used  as  stiindards  to  which 
adjustable  gauges  may  be  set,  or  used  directly  in  connection  with 
the  work  in  the  same  manner  as  an  adjustable  gauge.  The  form 
of  such  gauges  for  comparisons  of  length  is  a  steel  rod  with  the 
ends  carefully  ground  so  that  the  distance  required  may  be 
quickly  and  accurately  determined.  In  one  form  the  ends  are 
parallel  plane  surfaces,  and  in  another  the  ends  are  sections  of  a 
sphere  of  the  same  diameter  as  the  length  of  the  rod.  Both  these 
forms  are  illustrated  in  Fig.  32.  Another  form  of  gauge  for  the 
same  purpose  consists  of  hardened  and  ground  steel  disks,  Fig.  33, 
to  which  calipers  and  similar  tools  may  be  set,  and  which  may  be 
used  also  to  test  the  size  of  lioles  by  direct  application.  For  the 
latter  purpose  handles  are  provided  l)y  which  the  disks  can  be  con- 
yeniently  manipulated. 
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Plug  aiid  ring  giiiiges,  ns  shown  in  Fig.  34,  furnish  accurate 
and  convenient  stunditixls  for  tin;  iii-iKlnetion  of  duplicate  parts  of 
machines.     The  same  result  is  attained  by  the  caliper  gauge  shown 


o 


ID  Fig,  35,  wliii-h  ciimliines  the  two  gauges  in  <ini'  piece.  In  tliis 
form  thtt  fYltTiial  gauge  has  parallel  jilane  Mirfaces  and  the  in- 
ternal gauge   iri   It  suction  of  a   rylinder.     In  sizes  al>ove    three 


iiiclii's,  the  I'idiper  gauge  is  iiMi.ill\  nr.iili.  in  two  jsirts,  also  shown 
in  Fig.  :',:>,  making  llie  lo<.l  ,-asier  lo  han.ile. 

As  is  inilicated  by  tlie  cost  of  tliese  gauges,  the  exact  dupli- 
catiou  uf  sucli  exact  sizes  in  quantities  would  mean  a  cwt  that 
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would  i>e.  pmhibitive  in  machine  construclidii.  The  limit  of  error 
ill  the  stiindiircl  g-.iuges  jiiKt  described  is  never  over  one  ten-thou- 
sandth of  an  inch  at  ii  sUnidard  tenipersiture,  wiiieli  in  usually  taken 
as  70"  F.     Ordinaiy  machine  [tarts  do  not  require  such  accuracy, 


and  it  is  usual  tw  allow  a  limit  of  error  which   is  in  accordance 
with  the  class  of  work  being  pi-otluced. 

For  testing  sizes  and  dimensions,  liotli  at  the  machine  and  in 
the  inspection  de^mrtmeiit,  combination  gauges,  known  as  limit 
gauges,  are  employed.     These  are  made  botli  for  external   and 


intenial  measui-ements.  The  external  gauge  shown  in  Fig.  36  ig 
for  testing  pieces  siipjKised  to  be  .25  inch  in  diameter.  As  indi- 
cated by  the  figures  on  the  gsiuge,  tlie  piece  is  allowed  a  variation 
of  .0005  inch  over,  and  .001  inch  under  the  nominal  size.  The 
words  «  go  on,"  and  "  not  go  on,"  stamped  near  tlie  ends,  indicate 
clearly  how  tlie  gauge  is  used.  This  gauge  is  moi-e  conveniently 
arranged  as  shown  in  Fig.  37,  in  which  tlie  work  must  enter  the 
first  [Kirallel  opening,  but  must  not  pass  thmugh  the  second.  In 
this  form,  one  motion  t<'sts  the  pieie  for  variation  above  and  be- 
low the  standard.  Fig.  38  shows  a  limit  gauge  for  holes,  the  end 
tnariiied  "go  ir  "  being  required  to  pass  into  the  hole,  while  the 
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other  end  marked  "  not  go  in,"  must  not  enter.  An  arrangement 
of  the  internal  limit  gauge  similar  to  the  external  gauge  of  Fig.  37 
is  shown  in  Fig.  JiO,  and  has  the  same  advantages. 


o 
o 

o 
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Fig.  37, 


In  some  classes  of  work,  no  variation  is  allowed  over  the 
standard,  and  in  others,  no  variaticm  is  alh)wed  under  the  nominal 
size.  The  amount  of  variation  allowed  in  any  ease  is  governed 
by  the  chiss  of  work  and   the   intended   use  of  the   piece.     As 


A  9»                     ,       .. 
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these  allowanct'S  are  not  uniform,  such  gjiugcs  are  made  only  to 
order. 

For  many  yeai-s  gauges  <»f  an  entirely  different  character 
have  been  used  in  the  measurement  of  wiiv,  small  roils,  and  sheet 
metal.  The  sizes  have  Ikhmi  dcsit^natcd,  not  by  the  diameter  or 
any  deiinite  unit,  but  by  a  numl)cr  or  letter  in  a  purely  arbitrary 
manner.  Kven  in  the  same  i,^aut(e,  the  sizes  do  not  advance  in 
any  regular  order.  The  matter  is  still  further  complicated  by 
the  fact  that  in  one  gjuige  lar^^ti  numbers  indicate  large  sizes, 
while  in  another,  the  smaller  numbers  mjirk  the  large  diameters. 
Another  scmrce  of  annoyance  lic^s  in  the  fact  that  such  gauges 
are  cheaply  made  and  cannot  be  relied  upon  to  1x3  duplicates  of 
one  another.  These  gauges  were  the  natural  result  of  the  recogni- 
tioiibv  lar^je  manufacturers  of  the  necessitv  of  standanls  bv  which 
to  grade  their  products,  llenet^  we  have  such  gauges  as  the 
Brown  and  Sharpe,  Birminirham   or  Stubs,  Washburn  and  Moeu, 
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United  Stiites  sttiitdanl,  Morse  Twist  Unit  Co.,  «iid  iiuiiiy  otiiers. 
As  :l  st«ii  ill  tlie  right  direction,  u  deuiiiiiil  gangi;  Ims  i^ceiitly 
Ih'(M1  iidi)|jtod,  in  whicli  iKe  sines  nit;  iiidirat<!il  \iy  nTuiiln-is  wliidi 
i-ejii'L-scnt  the  (liaiiietei's  in  thou»iindthK  uf  iiii  ini:li.     Most  ,>[  these 


gnuges  had  their  origin  in  dajs  when  i-elhied  meiisurenients  were 
not  couiuuin,  hut  since  the  use  of  the  micrometer  ealiiier  has 
become  almost  universal,  tliero  eeoitis  to  be  no  good  reason  why 
all  sizes  should  not  )>e  cxpivssiid  in  tlionsandtlis  of  an  inch,  thus 


1-ig.  40. 


avoiding  all   the   trouhlea   Incident  to  the   use  of  the  arbitmry 
gauges. 

For  the  production  of  accurate  plane  surfaces  the  use  of  the 
straight  edge  i»  not  snfBi'ient.  Such  durfaces  shoiild  l>e  conixiart'd 
with  standard  surfaces  called  surface  ]>lates,  Fig.  40.  A  surface 
plate  is  a  ciust-iron  plate  etrongly  ribbed  on  the  back  to  prevent 
distortion,  and  support^'d  on  three  jioints  to  insure  a  uniform 
base.  Tlie  production  and  use  will  lie  described  under  the  head 
ot  "  Scraping."  Tliey  may  be  iiad  in  si?;e3  varying  from  3  inches 
by  4  inches  to  3ti  inches  by  72  indies. 
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The  machinist's  bench  at  which  hand  work  is  ordinarily  per- 
fonned  should  Ik^  of  substantial  character,  about  two  feet  ten  inches 
from  the  flcKuand  two  feel  six  inches  wide  (see  Fig.  41).  For  the 
sake  of  economy  it  is  usual  to  have  a  two  and  one-half  or  three 

inch  plank  at  the  frf>nt  t(i 
which  tlie  vises  are  fast- 
ened and  on  which  all  tlie 
heavy  work  is  done,  while 
tlie  rear  of  tiie  bench  is 
made  from  one-inch  stufT. 
Maple  and  birch  are  pre- 
ferred as  materials  for  a 
I>ench,  although  ash  makes 
a  very  good  substitute. 

In  oitler  that  work 
may  l)e  held  rigidly  for  the 
performance  of  hand  opera- 
tions, the  machinist  uses 
what  is  termed  a  vtV. 
Tliey  are  made  in  a  great 
variety  of  fonns  and  sizes, 
but  all  consist  essentially 
of  a  fixed  jaw,  a  movable 
jaw,  a  screw,  a  nut  fast- 
ene<l  to  the  fixed  jaw,  and  a  handle  by  which  the  screw  is  turned 
in  the  nut  and  \\\k\  movable  jaw  brought  into  {M>sition.  The 
sectional  view.  Fig.  4-,  shows  these  parts  clearly  and  also  a  device, 
present  in  some  form  in  all  vises,  by  which  the  movable  jaw  is  sepa- 
rated from  tlu^  fixed  jaw  when  the  screw  is  backed  out  in  the  nut. 
In  the  niachiiiist's  vise,  l)otli  jaws  art^  made  of  cast  iron  with 
removable  faces  of  cast  steel.  These  may  l>e  checkered  to  provide 
a  firm  grip  for  heavy  work,  or  may  b<^  smooth  to  avoid  the  mark- 
ing the  surface  of  the  jjlate  o[)erjite(l  upon.  When  holding  soft 
metjil,  even  the  smooth  stetd  jaws  would  mar  the  surface;  and  in 
such  cases  it  is  customary  to  use  false  jaws  of  bmss  or  Babbitt 
metal,  or  to  fasten  leather  or  j)a}K*r  directly  to  the  steel  jaws. 
The  screw  and  handle  are  made  from  steel  and  the  nut  from 
malleable  iron. 


Fi^^  41. 
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The  common  method  of  fastening  a  vise  to  the  bench  is  by 
means  of  the  fixed  base  shown  in  Fig.  42,  altliough  a.  swivel  base 
Buch  as  is  sliown  in  Fig.  43  13  prefemble.  Tlie  viae  sliown  in 
Fig.  43  has  a  swivel  jaw  also  which  enables  it  to  bold  tapered 
work  securely.  This  swivel  jaw  is  provided  with  ii  loeking-jtiii 
which  fixes  the  jaws  in  a  parallel  position.     The  height  of  tlie 
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vise  from  the  floor  depends  somewhat  on  the  class  of  work  to  be 
performed,  but  a  general  rule  is  t^  have  the  top  of  tlie  jaws  about 
one  and  one-half  inches  below  the  point  of  the  elbow  when  sUnd- 
ing  erect  beside  the  vise. 


CUTTINO   TOOLS. 

Tbe  simplest  form  of  metal-cutting  tool  is  the  chisel.  The 
several  types  in  common  use  are  shown  in  Fig.  44.  The  flat 
chisel  is  used  for  snagging  castings,  for  chipping  surfaces  having 
less  width  than  the  edge  of  the  chisel,  and  for  all  general  ch\]>- 
I»ng  operations.  It  is  the  form  moat  commonly  used,  and  is 
often  called  the  cold  chisel.     Generally  it  has  a  euitiiig  edge 
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n\nl.     Ah  tliin  '.wakfjiis  the  chisel,  it  is  made  comparatively  thick 
in  Um?  jihine  at  y'v^ht  angles  to  the  cutting  edge. 

The,  diamond  point  ehi>el  is  made  hy  drawing  out  the  end 
of  iIm-  Hto<  k  to  ahoijt  j';.  ineh  sipiare,  and  ixn>»ding  the  end  at  an 
i\u^W  with  the  axis  of  tin*  chisel,  leaving  a  diamond-shai^ecl  j)oint 
It  i«  lined  lor  drawing  li(»les,  making  oil  grooves,"  and  cutting 
holiH  in  flat  plalcs. 

I  he  Hmnll  round-nosed  chisel  is  cvlindrical  in  section  near 

the  eiilting /.)i(|,  thr.  rdgi;   heing  ground  at  an  angle  of  60''  with 

Ihn   nxi?i  (»f   the   ehisel.      W'licn   nse(l   to  ''draw"'  the  starting  ot 

drilled   hoh'H  to  hring  them  concentric  with  the    drilling  circles 

ey    itin    called    center  chisels.       This   form   is   also   used    fo 
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cutting  channel ,  such  as  oil  grooves  and  similar  work.  The 
lai^er  si/.es  ot  round-nosed  ciiisels  are  *)f  the  general  shii[)e  o{ 
the  cape  chisel  with  one  etige  rounded,  nuikiiig  a  convex  cutting 
edge.  Large  round  hottimied  channels  and  all  concave  snrfaces 
are  the  pi-o[jer  work  of  tlie  roniid-uoBed  chisel. 

All  the  Acconipiinying  foruia  should  he  niui.Ie  from  a  goixl 
grade  of  tool  steel,  carefully  foiged,  haitleued,  and  tenipei^d  n. 
a  purple  color.  The  stock  generally  used  is  octi^onal,  and  the 
chisels  for  heavy  work  are  about  eight  inches  long  and  three- 
quarters  of  an  inch  in  diameter. 


§ 


Tlie  two  hevela  forming  the  cutting  edge  of  a  eliisel  should 
make  with  each  other  as  smttll  an  angle  as  is  [jo.ssilile  without 
leaving  the  cutting  eilge  weak.  If  the  angle  is  too  small,  tlie 
chisel  will  soon  Income  dull,  while  if  laige,  more  force  will  be 
required  to  drive  it.  The  best  angle  for  cutting  cast  iron,  all 
things  considered,  is  about  70°,  while  for  wrought  iron  and  mild 
steel  a  slightly  smaller  angle,  say  60°,  will  he  better.  When  tliere 
are  two  bevels,  they  should  lie  alike  in  width,  and  form  equal 
angles  with  the  center  line  of  the  chisel.  Small  .round-nosed 
chisels  ami  some  slotting  chisels  are  ground  one-sided,  that  is, 
with  but  one  bevel  like  a  wood  chisel.  The  angle  Itetween  tlie 
surfaces  which  form  the  cutting  edge  should  be  the  same,  whether 
tliese  surfaces  are  I>oth  bevels,  or  one  a  Imxel  and  the  other  the 
stritight  side  of  the  chisel.  In  a  one-sided  chisel,  tlierefore,  the 
angle  that  the  bevel  forms  with  the  center  line  of  the  chisel 
should  'oe  twice  as  large  an  in  one  having  two  l>evels. 

To  cut  well,  chisels  sliould  be  sharp,  and  therefore  should 
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Ill'  giuiiiitl  iit  onci!  wlu'ii  ilifv  Ik'iimiip  iIiiU.  Tliia  may  be  done  on 
ail  eiiifiT  or  i-iiriioi-iuidiiiii  whet-l,  iint  llin-r  than  No.  60,  care 
U-iiifj  takfii  til  avdiil  luMtiii;;,  wliiih  liniwa  the  temperf  and 
sptiils  till'  to.ll. 

Chipping  is  a,  tonn  ;L[i|ilifi]  t"  ihe  ivinoval  of  metal  witli  the 
colli  cliiset  timl  liiiiiKin-r.  Tin'  iK-i^n'i'  of  ai-tiir.K'y  inquired  varies. 
The  jiieiv  is  lii'lii  in  ;i  vise,  ami  llic  tiii-iliinl  of  wiirking  is  to  grasp 
till!  chisfl  tirnily  witli  tlie  left 
li:U[<l.  Iioldiiig  the  cutting  edge 
to  tlm  Work,  and  Btriking  the 
IkmiI  i>f  tlic  cliisel  with  the 
tiler,  keeping  tlie  eyea  on 
till)  I'lli^t-  of  the  ehisel  to  vatch 
tin!  ]iroi;r'ss  of  the  work  (aee 
Tig.  4i"i).  Tlie  hiwer  eide  oi 
U'Vi'l  of  the  chiwi  is  the  guid 
iii<r  snrfai-o,  and  is  held  at  a 
viTV  Hlij,'ht  angle  witli  the  fin- 
isht-il  iioi'iion  of  the  work,  the 
•'iiltiitLT  I'll^  only  touching. 
Itiiising  or  lowering  the  ahaok 
of  the  chisel  increases  or  de- 
,'ivasi-s  the  itielination  of  the 
giiiiiiii^  Ix'vel,  and  causes  tlie 
iliisel  iot:ike  a  heavier  or  lighter 
eiit.     II   the  hand  is  curried  too 
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is  esjiecially  to  be  observed  in  chipping  key  ways  with  a  cape  chisel ; 
an  ample  margin  for  filing  sliould  be  left,  both  on  the  sides  and 
on  tlie  bottom. 

The  file  differs  from  the  chisel  in  having  a  large  number  of 
cutting  points  instead  of  one  cutting  edge,  and  in  being  driven 


Fig.  46. 

directly  by  the  hand  instead  of  by  the  hammer.  As  hand  power 
only  is  used,  it  is  evident  that  tlie  amount  of  metal  removed  at 
one  stroke  will  be  small,  and  the  amount  removed  by  a  single 
tooth  will  be  exceedingly  small. 

Files  are  made  from  cast  or  crucible  steel,  and  in  manufac- 
ture  pass  tlirough  the  successive  processes  of  forging,  annealing, 
grinding,  cutting,  hardening,  and  tempering.  Tliey  liave  three 
distinguishing  features,   viz.,  length,  kind  or  name,  and   cut  or 


^ 
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Fig.  47. 

coarseness  of  teeth.  Lengtli  is  measui-ed  from  the  lieel  A  to  the 
jKjint  B,  Fig.  46  ;  the  tang  C  not  l)eing  included.  These  lengths 
vary  from  three  inclies  to  twenty  inches. 

There  are  many  kinds  manufactured,  those  in  conunon  use 
being  the  flat  (A),  hand  (H),  wanling  (('),  scjuare  (D),  three 
Sfjuare  or  triangular  (K),  half  rouncl  (V ),  and  round  (d),  sections 
of  which  are  shown  in  Fig.  47. 

The  cut  of  files  is  in  two  styles,  single  and  doulile  ;  and  each 
style  has  several  grades  of  ccmrseness,  viz.,  coarse,  bastanl,  second- 
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cut,  siiioolli,  iind  ileail  siuotth.  The  last  two  grades  are  some- 
times oilled  line  luiil  siititiliiie.  As  it)  abowa  hi  F^.  48,  the 
coarseness  uf  eiicti  style  v;iiies  witli  the  length  —  tlie  longer  the 
file  the  Limraer  the  cut. 

If  the  (.iitliiij;  surfiRC  of  n  file  were  [wrfectly  flat,  the  num- 
ber of  ti't'tli  or  culling  iioints  engaged  with  tlie  work  would 
dei>end  ini  the  uidtli  uf  ihc  ti)i>  and  the  widtli  of  the  piece  being 
lileil.  To  force  as  many  cub- 
ting  points  as  would  be  con* 
tiiined  in  such  a  large  area 
deeply  enough  into  the  metal 
to  enable  each  to  remove  its 
Blmre  of  the  stock,  would  be 
bcyfnd  the  power  of  the  man 
pushing  the  tilt;.  To  avoid  this  necessity  for  great  pressure,  files 
are  usually  "Ix-llied"  or  made  slightly  convex  in  the  direction 
of  their  length,  so  that,  theoivticully,  the  file  and  the  work  are 
in  contact  only  on  :t  line  as  Imig  as  the  widtli  of  the  file.  Thia 
enables  the  liie  tn  Ikj  foivcd  inlo  the  metal  sufficiently  for  the 
teeth  to  bite,  anil  thus  avoids  duUing  the  teeth,  which  always 
occurs  when  the  lilc  is  allowed  to  glide  over  iJie  work  wi^out 
sutlicient  cutting. 

This  ccinvexity  "f  lilcs  also  serves  another  pnrpose.  The  pres- 
sure niiplied  to  ihc  tile  to  niiilic  it  bite  I)en(ls  the  file  more  or  less 
(see  l'"ig.  -i'.*),  and  if  tln^  lile  in  its  natural  stale  were  perfectly 
flat,  when  entiini,'  ii.  wnuhl  In-  ei'iuavc  ;  and  this  would  prevent 
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uld  in  a  vise  such  as  has  already 
lary  eirrUTnstani-es  the  surface  of 
■i._'ht.  ill"  the  elbow.  J-'or  fine  work 
■-..ivaiiun  is  of  more  importance 
rl<  sb-mld  1h;  higher  than  this,  the 
ni.rit  of  the  wnik.  On  the  other 
It-re  •;teat.  pn'ssure  is  absolutely 
id  inches  lelow  the  point  of 


the  elbow,  so  liiat  the  weight  of   the  body  may  be  used  to  good 
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advantage,  and  also  I>ecause  the  workman  naturally  stoops  a  little 
when  exerting  great  pressure  on  the  file. 

The  handles  commonly  attached  to  files  are  made  of  wood 
and  are  made  to  fit  the  hollow  of  tiie  hand.  They  are  driven  onto 
the  tang  of  the  file  ;  a  ferrule  on  the  handle  preventing  it  from 
splitting.  Care  should  be  taken  to  have  the  axis  of  the  handle 
parallel  with  the  file.  A  good  way  to  prepare  the  handle  for  the 
tang  is  to  heat  the  tang  to  a  dull  red,  the  file  proper  l)eing  kept 
oool  by  a  piece  of  wet  waste,  and  tlie  hole  in  the  handle  humed 


Fig.  4i.. 

out  until  the  tang  is  almost  in  the  position  it  is  designed  to 
finally  occupy.  After  cooling  the  titng,  very  little  driving  will  be 
required  to  securely  fasten  the  handle  to  the  file. 

When  filing  surfaces  of  such  size  that  tlie  handle  as  ordina- 
rily applied  would  interfere  witli  the  use  of  the  file,  the  tang  may 
be  bent  up  to  an  angle  so  tlmt  the  handle  will  clear  the  surface. 
Various  forms  of  holders  are  used  for  filing  under  these  circum- 
stances; the  simplest  fonns  Iwing  shown  in  Fig.  50. 

The  correct  position  for  filing  is  al)out  as  follows :  feet  about 
eight  inches  apart  and  at  right  angles,  the  left  foot  l>eing  in  line 
with  the  file;  stand  back  fi-om  the  vise  so  that  tlie  l>ody  may  fol- 
low the  file  slightly ;  grasp  the  file  Iiandle  uitli  tlie  right  hand, 
fingers  below,  thumb  on  top  of  the  liamllc  ;  for  coai'se  filing,  place 
the  ball  of  tlie  thumb  of  the  left  hand  on  the  point  of  the  file  ;  for 
fine  filinggrasp  tlie  point  of  the  Jile  with  the  thnmb  nnd  fore* 
finger  of  the  left  hand.  See  P"ig. -51.  When  holding  the  file  in 
cme  band,  as  is  oft«n  done  in  ligUt  work,  the  forefinger  should  be 
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oil  top  of  the  file  pointing  in  the  clirection  of  iU  length,  as  is 
shown  in  Fig.  62.  This  allows  free  movement  of  the  hand  and 
wrist,  pressure  being  ai)plied  i)rincipally  by  the  forefinger. 

As  file  teeth  or  cutting  edges  point  toward  the  end  of  the 
file,  it  is  evident  that  the  file  can  cut  only  when  moving  in  a  for- 
ward direction.  On  the  return  stroke,  the  pressure  should  be  re- 
lieved ;  otherwise  the  teeth  will  be  dulled  when  drawn  back  over 
the  surface. 

The  kind  of  metal  being  worked  determines  in  a  great  meas- 
ure the  character  of  the  file  to  be  used.  Cast  iron,  especially  if 
the  scale  has  not  been  previously  removed,  is  particularly  hard  on  a 
new  file,  as  the  glassy  chanu*t*»r  of  the  scale  tends  to  dull  the  cut- 
ting edges.  New  files  should  never  be  used  on  such  a  surface. 
It  is  found  tliat  on  tool  steel,  and  hard  materials  generally,  a  sec- 


ond-cut  file  is  l>ett4^r  tlion  tli(*  l)astjml.  lliis  is  because  if  pressure 
enough  is  excrtiMl  to  cause  tlie  coarse  teeth  of  the  kistard  to  bite 
into  tlie  Avoik,  the  teeth,  l)eiiiL(  conijjaratively  long,  are  very  likely 
to  Im*  ])r()keii  otT.  In  the  sccoii(l-<'ut  lile,  the  tt»eth  are  shorter  and 
present  more  cuttiii<^'  iM)iiits  in  a  '/ivvn  area;  thus  preventing 
excessive  duty  l)eini^  imposecl  on  a  few  teeth. 

S«)l'ter  nielals,  such  as  l>rass  and  hronze,  allow  the  use  of 
the  coarser  grades. 

Th(i  particles  of  metal  removed  hy  a  file  frequently  remain  in 
the  ttH^th  and  diminish  their  cuttin<r  (pialities.  In  the  case  of  hard 
met^ds  these  jjarticles,  or  **  pins,''  often  scratch  the  work.  It  is 
necessary,  therefore,  that  files  he  freijuently  cleaned.     This  may 
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be  done  in  a  measure  by  striking  the  edge  of  the  file  lightly 
against  the  bench  or  vise,  but  it  is  more  effectually  performed  by 
using  a  stiff  brush  or  a  piece  of  card  clothing  (Fig,  63).  In  the 
finest  grades  of  files,  a  thin  jaece  of  wood  or  sheet  brass  may  be 
drawn  across  the  surface  of  the  file  as  shown  in  Fig.  54,  and  the 
filings  are  removed  by  the  points  extending  into  the  file  teeth. 

When  filing  cast  iron,  neither 
the  file  nor  tlie  work  should  be 
allowed  to  liecome  greasy,  as  this 
tends  to  make  the  file  slide  with- 
out cutting.  In  filing  steel,  how- 
ever, if  the  file  be  oiled  or  filled 
with  chalk,  the  pinning  of  the  file 
is  prevented  in  a  large  degree, 
and  frequent  use  of  the  curd  or 
brush  is  not  necessary. 

What  is  known  as  drawfiling 
is  done  by  grasping  tlie  file  at  each 
end  and  moving  it  sidewise  across 
the  work,  (See  Fig.  5.'».)  The 
amount  of  stock  removed  by  this  — 
process  is  usually  very  small,  the 
object  being  to  liiy  tlie  file-marks 
parallel  to  the  length  of  the  work. 
Single-cut  files  are  better  than  double-cut  for  this  purpose,  being 
less  likely  to  scratch  the  work.  The  remarks  concerning  cleaning, 
oiling,  and  chalking  apply  both  to  cross-filing  and  draw-filing. 

No  matter  how  carefully  filing  is  done,  it  does  not  leavo  g 


Fig.    52. 

surface  that  is  pleasing  to  tlie  eye,  the  file-marks  are  more  or 
less  irregular  and  the  whole  snrf;u:e  is  dull.  Exposed  partM  of 
ines  which  are  not  painted  are  usually  polished.     Polishing 
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does  not  improve  Uie  surface,  but  simply  brightens  it  and  renders 
it  more  attniclive.  As  a  rule,  a  jK)li8lietl  surface  is  not  a  true 
surface,  no  caiv  l)eiiig  tuktMi  t.)  nuiintaiu  its  truth.  In  ordinary 
machine  work  j olishiiig  is  usually  <l(»ne  by  abrasives,  such  as 
emerj',  corunduin,  and  (•arlM)rundum,  while  rouge,  crocus,  rotten- 
stone,  and  tripoli  are  used  on  fine  work,  especially  on  brass  and 


Fig.  68. 

composition.  Emery,  for  exami)le,  is  crushed  and  sorted  into 
grades  varying  from  No.  8  to  lh:ur,  the  nun.ber  of  the  grade 
indicating  the  numl^er  of  meshes  i>er  inch  in  the  sieve  used  in 
sorting.  These  grades  sometiuies  l)ear  arbitrary  designations. 
No.  1  indicating  a  coarse  grade  and  No.  0,  00,  000,  0000  showing 
tJie  finer  grades.  These  powdei-s  are  sometimes  mixed  with  oil 
and  applied  directly  to  the  work  by  wooden  blocks  or  clamps  ^  but 
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the  more  eoniin</n  nieiliod  is  to  use  what  is  known  as  emery  cloth, 
the  grains  heing  "^^Ined  to  a  strong  cloth  hacking.  Tiie  liner  gmdes 
are  nsecl  on  [)ai)er  in  tlio  same  maimer. 

ICmcry  cloth  is  wsrd  in  many  wavs;  it  may  be  wrapped 
around  a  file;  f(>l«le(l  or  tackcil  to  a  l>lock  of  wood;  glued  to 
wooden  stii-ks  about  1o  iiicln's  x  Ij  im-lies  x  J  inch,  fastened 
around  nJlers  for  inteinal  curNt-s,  or  glued  to  wooden  or  steel 
disks  an<l  i()tated  in  a  latlir  or  special  machine.  In  all  cases  the 
ohiei-t  is  to  i^rind  down  tlie  surfa<'c.  nsintr  a  suiVieient  number  of 
grades  of  cloth   to  produce  the  iiegreo  of  polish  desired.     The 
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marks  are  laid  parallel  to  each  other,  making  what  is  known  as 
a  "  grain."  When  the  process  is  to  be  carried  to  such  an  extent 
that  no  grain  is  to  be  visible,  the  finer  polishing  agents  are  used, 


Fig.  65. 

usually  applied  with  a  clotli  wheel  or  "  lap."     Old  cloth  does  finei 
work  than  new,  and  oil  on  the  cloth  will  make  a  liner  cut. 

Scraping.  When  two  flat  or  curved  surfaces  are  to  be 
worked  together,  and  complete  contact  over  the  whole  or  both 
is  desired,  they  are  scraped.  Scraping  removes  less  metal  tlian 
filing,  and  also  enables  the  workman  to  confine  the  removal  to 
limited  areas.  The  scraper  should  be  made  from  a  very  close- 
grained  tool  steel,  and  is  nearly  two  feet  long  exclusive  of  the 


Fig.  66. 

handle.  The  general  shape  is  shown  in  Fig.  56.  The  cutting 
edge  is  about  ^.^  of  an  inch  thick  and  1\  inches  wide.  It  is 
ground  on  an  emery  wheel  and  grindstone,  and  carefully  oilstoned, 
leaving  tiie  cutting  edge  as  straight  as  possible.  Scrapers  are 
sometimes  made  from  old  files,  the  teeth  l^eing  ground  off  and  the 
end  drawn  out  wide  and  thin.  Sometimes  the  end  is  bent  at  right 
angles  to  the  shank,  as  shown  in  Fig.  57.  The  cutting  done  by 
acrapeis  should  be  perfectly  smooth  and  free  from  scotches. 
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Ill  using  the  surface  [ilntt:  h8  a  test  for  the  tnith  of  a  pLiiie, 
such -as  a  valve  or  its  stut,  the  pliite  is  covered  with  a  very  thin 
L-oatiiig  of  red  lead  ami  tlifu  ruhbed  over  tlie  valve  or  seat  The 
latter  should  have  jireviuusly  been  finished  its  smoothly  as  possilile. 
The  spots  where  the  red  lead  shows  coiibtct  are  scraped  off,  and 


0=0^ 


the  process  coutinued  until  coiitiiet  over   the  entire    surface   is 
obbiiued.     During  tlie  luist  part  of  the  opci-ation  alcohol  should  be 


used  insteiul  of  red  lead, 


of 

Si'i-!i[iiiig  is  sridii'tiiiii's  <] 
the  pnrjxise  of  gi'tlin;*  an  ac 
surfarc  d.H-s  imt  always  in.l 
are  more  cheaply  liuislied  by 


t  leaves  elcaii  bright  spots  to  indicate 
wliere  the  scrajier  must  be  applied. 
Saiiiil  jiifces  of  work  are  rubbed  over 
the  surtate  ])lule,  and  in  any  oaee  care 
should  l>e  tiikuu  to  distribute  the  wear 
nnifnrndy  over  the  plate  in  order  to 
iniilong  tiio  triitli  of  the  plane.  The 
sii-niier  ii.r  concave  surfaces,  such  as 
iMixes,  is  iif  the  general  sha])e  of  a 
f-ronnd  lllo  witlu.nt  tcetJi.  In  such 
cases,  tlic  sliaft  to  l)c  used  takes  the 
pla.i-  of  a  sni-fa.e  platf.  The  method 
1  siTapiT  is  shiiwn  in  Kig.  58. 
•Ii<ni>  as  it  tiiatt<'r  of  liiiish,  and  not  for 
(•(■unite  Hurfacc.  Thcivfoi-e,  a  scraped 
ilic-atc  ar;rin'Mry.  Many  niachitie  parts 
aping  tlian  by  jKtlisliiug. 


11  rill- 
flat  drill  I 
twcen  thu 


flat  and  llie  twist  A 
"i;,'  ")!i.  Till-  angle  Ik.-- 
i,ut  110\     These  drills 
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are  usually  made  from  round  tool  steel  drawn  out  wide  and  thiu, 
asBhowti;  tlie  undressed  end  being  used  for  holding.  The  flat 
drill  ia  usually  made  in  tlie  sliop  \\here  it  is  to  be  used.  Its  low 
first  cost  is  tlie  principal  reason  for  its  existence. 

Flat  drills  made  from  thiu  flat  stock  are  used  in  connection 
with  a  slotted  rest  to  start  and  drill  holes' in  the  lathe  without 


preriouB  centering.     They  are  called  chuck-drills.    The  end  of 
the  shank  of  the  drill  ia  pi-ovided  with  a  center  hole  to  receive  the 
dead  center  of   the  machine. 
The  drill  and  rest  are  shown  ^H,- 

in  Fig.  60.  jj. 

The    simplest    form    of  .■  jBs 

twist  drill    is   cylindrical        j-M-J 

throughout  its  entire  length,       [ j        \ 

as  shown  in  Fig.  61,  and  has  : ^"■■'■T^ — ] 

two   spiral    flutes   which   at  |        j["'""°"l;       i 

the  end   serve   to   form    the 
catting  lips,  and  which  also 

serve  to  carry  the  chips  fronr  the  hole.  The  included  angle  of 
the  lips  is  118^  This  form  of  drill  will  work  more  accurately 
than  the  flat  drill,  as  the  cylindrical  portion  serves  us  a  guide 
to  keep  the  cutting  lips  in  their  j.roper  position.  The  edge  beinfr 
somewhat    hooking,   removes   the   metal    by   a   cutting    instead 


44 


MACHINE  SHOP  WORK. 


of  a  scraping  action  as  in  the  flat  drilL  This  form  of  drill  cannot 
only  be  fed  faster,  but  can  be  forced  into  the  work  with  less  power, 
as  it  has  a  tendency,  especially  noticeable  in  soft  metals,  to  feed 
itself  into  the  work.     Straight  shank  twist  drills  are  made  from 


1 


Fig.  61. 

.0135  inch  to  2}  inches  in  diameter ;  the  smaller  sizes  are  sold  in 
sets  designated  by  numbers  (1  to  80),  letters  (A  to  Z)  or 
fractional  sizes  (i  inch  to  -^^^  inch). 

The  taper-shank  tivlst  drill  is  shown  in  Fig.  62.  It  consists 
of  a  body  A,  which  is  fluted  and  does  the  actual  work,  and  a  taper 
shank  B,  by  which  it  is  held.  This  taper  fits  accurately  into  the 
spindle  or  chuck  of  the  drill  press.  At  the  end  there  is  a  tongue 
C,  which  slips  into  the  key  way  in  the  spindle  or  chuck.     As  this 


Fig.  02. 

surface  is  flat,  it  serves  as  a  l)earing  by  which  the  drill  is  driven. 
This  relieves  the  tai>ered  portion  from  the  8ti*ess  of  driving  by" 
f notional  resistance  alone.  For  small  drills  this  frictional  resist- 
ance is  suilicient,  but  for  larger  sizes  it  will  not  do  at  all.  If  for 
any  reason  the  ton<^ue  shoulcl  l)ecome  broken,  no  dependence 
should  l)e  placed  ui)on  the  frictional  r(\sistance  of  the  taper  shank 
to  drive  the  drill.  The  drill  will  slip  and  wear  the  socket,  which 
will  become  enlarged  and  make  a  niislit  for  other  drills. 

The  standard  taper  for  <j*'ll  shanks  may  l)e  considered  to  be 
what  is  known  as  the  Morse.  Tiiis  taper  is  ;5  inch  to  the  foot 
There  is  another  known  as  the  Brown  iV  ShariHi  or  Jarno  which 
has  a  tai)er  of  ^o  ^^^*'b  to  llie  foot.  No  attempt  should  be  made  to 
run  the  drills  of  one  ta{K'r  in  the  so<*ket.s  of  the  other. 

A  flat  taper  Key,  introduced  into  the  key  way,  engages  the 
end  of  the  tongue  and  serves  to  remove  the  drill  from  the  spindle. 
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Drills  of  cylindrical  form  are  also  made  with  straight  flutes 
as  shown  in  Fig.  63.  They  are  used  for  drilling  soft  metals,  such 
as  brass,  especially  wlien  the  drill  passes  entirely  through  the 
piece.  As  it  breaks  through  the  metal,  a  drill  with  spiral  flutes 
tends  to  draw  itself  through  rapidly,  as  if  it  were  a  screw  work- 

Fig.  63. 

ing  in  a  nut.  This  may  break  the  drill  or  move  the  work  from 
position.  Straight  flutes  give  the  same  cutting  action  as  a  flat 
drill  and  avoid  this  tendency  to  draw. 

Lubrication  of  Drills.  When  drilling  tough  metals  such  as 
steel,  wrought  and  malleable  iron,  heat  is  generated  by  the  bending 
or  changing  of  the  form  of  the  metal  being  removed  and  by  friction 
caused  by  the  chips  moving  over  the  lips  of  the  drill.  The  heat- 
^  18  similar  to  the  heating  of  a  piece  of  wire  bent  quickly  back 
^d  forth.  As  there  is  danger  of  lieating  the  drill  to  a  tempera- 
^^^^  that  will  draw  the  temper  and  soften  the  drill,  plenty  of  lard 


Fig.  64. 

^il»  or  a  mixture  of  potash  and  water,  should  be  used.     This  is 
'^ot  so  much  for  lubrication  as  to  remove  the  heat. 

Copj)er  is  the  most  difficult  to  drill  of  all  the  common  metals 
on  account  of  its  extreme  toughness  ;  then,  too,  copper  heats  to  a 
higher  temperature   on  account  of    its  low  si)cc'ific  heat.     Brass 
does  not  require  the  use  of  oil,  and  cast  iron  must  always  be 
drUleU  dry.     Particular  attention  is  caUed  to  this  precaution  re- 
garding cast  inm. 

^^  the  heat  is  produced  at  the  jioint  of  the  drill,  it  is  desira- 
ble^  particularly  in  the  case  of  deep  holes,  that  the  oil  be  a[)plicd 
directly  at  the  drill  point.      For  this  purpose,  oil-tube  drills,  such 
as  is  shown  in  Fig.  64,  are  used. 

^^^  oil  is  supplied  under  pressure,  and  not  only  removes  the 
heat,  but  also  carries  away  the  chips. 
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Speed  of  Drills.  The  s}>ectl  at  wliicb  drills  tthould  be  rotated 
depends  on  the  dmuicter  of  the  drill  mid  the  Diaterial  operated 
upoD.  Ho  ahiiolute  rule  cau  be  given  for  auy  one  metal  or  diam- 
eter of  drill,  because  of  the  variation  in  hnrdnesB  mad  tenacity  of 
the  material  anil  tlie  condition  of  the  uutting  edge  of  the  drill. 
Tlie  following  table  nf  revohitioiis  i>er  minute,  given  by  the 
Cleveland  Twist  Drill  Co.,  is  linK-d  on  li  jieripheral  speed  of  30 
feet  H  niinulti  for  mild  steel,  35  feet  [ler  uunute  for  iroa,  and  60 
feet  |wr  minute  for  brass. 


Kg  «6L 

[1i<|ioiids  on  the  <liill  diameter  and  the 
iiiiii'd  iinthoiity  gi\es,  as  a  maximum, 
l:i.">  ii'vnltitiiins. 


.[rill  slu'i 


III  uni'i|tuil 


Tlie  1  itt  i  f  U 
matcnil  III*.  Jm  \ 
one  int  Ii  of  f  (  I  t  r 

GrindlnK  Drills.     (iiv:it  ■itiv  sh. 
ing  of  drills.     T!i.m-im1 
lil,.s  Khoiild  VM>r  tlic: 
the  iisis.      If  till.'  lili-  :i 
thiiii  thu  drill.  ;is  is  sl...«ji   in   Im.l,'.  *•■ 
axis,  iinil  tin-   ImiI.-   will   imt  mdy  !«■ 
[.iirilliil  toll»;<Irillsi.ii,.ll...      If  llu>  ■ 
witli  tin;  axis,  iill   ihi'  ruUin-  \>ill  ih 
the  grcat^T  Jingle  ;is  slmwii  in  l-'ij,'.  il'i 
as  fast  as,  and  will  li-ji^onie  dull  yuonur  than,  one  -A-hich  is  properly 
ground. 


iild  Im3  exercised  in  the  grind- 
il  U> symmetrical;  thati8,tlie 
111  ronti  the  same  angle  with 
i-tLL;th,  the  hole  will  be  laiger 
>.  Thf  puint  is  not  in  the 
1;iil:(-  lint  iilso  will  not  be 
ijis  <li>  not  form  equal  angles 
-voKi-  iijion  the  one  making 
.     Such  a  drill  will  not  cut 
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Hand-grinding,  especially  of  twist  drills,  is  neither  accurate 
nor  satisfactory;  it  is  much  better  to  do  such  work  on  a  regular 
drill  grinder  built  especially  for  the  purpose. 


SPEED  OF  DRILLS. 


Diameter 
OF  Dbill. 

Speed  for  Soft 

Steel  or  Wrought 

Iron. 

Speed  for  Cast 
Iron. 

Speed  for  Brass. 

1 

TB" 

1824 

2128 

3648 

i 

912 

1064 

1824 

tV 

608 

710 

1216 

i 

456 

532 

912 

A 

365 

425 

730 

«  • 

304 

355 

608 

T^ff 

260 

304 

520 

h 

228 

266 

456 

vv 

203 

236 

405 

i 

182 

213 

365 

n 

166 

194 

332 

? 

152 

177 

304 

\i 

140 

164 

280 

i 

130 

152 

260 

H 

122 

142 

243 

1 

114 

133 

228 

liV 

108 

125 

215 

1* 

102 

118 

203 

ifV 

96 

112 

192 

li 

91 

106 

182 
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While  grinding,  care  must  always  l)e  exercised  that  the  cut- 
ting edge  is  not  overheated  on  the  stone  or  emery  wheel.  If  it  is 
overheated,  the  temper  will  be  drawn  and  the  drill  become  too 
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soft  to  j)roj)erly  (1«>  its  work.  The  angle  l)etween  tlie  front  face  of 
the  drill  und  ilie  hottoin  of  the  lip  may  Ije  from  70  to  80  degrees. 
This  will  give  ample  clearame  for  the  lK>ttom  of  the  drill  and 
leave  suHicieiit  moUil  t4)  sii[)[)nrt  the  euttiiig  edge. 


REAMERS. 

It  is  difTicuIt,  if  not  (piite  impossible,  to  drill  a  hole  to  nn 
exact  nominal  diameter.     For  most  work,  a  variation  of   a  few 


hundnMlths  of  an  in<-h  from  the  nominal  dituneter  is  of  no  ac- 
•ount.  Wlh'n*  ;jfri*jitt*r  accuracv  is  nM|nire<l  the  holes  are  reamed; 
that  is  to  sav,  tlir  ho](>  is  tii-st  drillrd  som<'what  smaller  tlian  it  is 
ih^sinMJ,  and  is  tluMi  nNinnij  mit  t«)  tin*  i>roper  size  with  a  reamer. 
Iloh's  di-ill(>(i  with  i1m*  flat  (.hiick  drill  mentioned  al>ove  are 
usually  j\.  inch  nndt-r  tin-  linish  s'w.r.  A  Hat  chnck  reamer,  Fig. 
♦IT,  is  ustMJ  to  «MilMrLr<*  tin*  hole  to  w  itliin  ahont  .005  inch  of  the 
true  siz«*.     This  n-iinH-r  is  tfnti'n-d  on  lM»th  ends  and  tunied  to  size. 


c 
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Tht'  futt-riii^-  i'<'(j,  w  iiirji  di.,-^  ;iii-  ^■lltliIlL^^  is  L^ivcMi  a  short,  sharp 
ta{»rr,  wliil''  tilt'  ^iniiLilii  |'<»iii..ii  ^ii\rx  :ix  a  ^nii«h'  to  keep  the  tool 
in  jMJsitioii.      liy  ilii^   iiM-iin-   tj.i'  Jrillrd   Imli-   jv;  stnughtened  and 

hroU^lil   rjoM*   t<  >  ^i/«'. 

To  <^iv«'  ilir  lml»'  .1   >i ill   <Mrt';iri' ;iih1  ('(trivct   diameter,  a 

fluted  nsinu'r  ( of  which  liiric  jn-r  x.uinus  lornis)  is  used.  This 
tool  is  not  inttMKltMl  Ut  ii-inosr  laiLfr  amounts  of  metal,  but  serves 
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only  to  increase  the  size  of  a  hole  by  a  small  fi-action  of  an  inch 
up  to  the  diameter  required.  The  hole  should  not  be  more  than 
g^j  inch  smaller  than  the  reamer;  this  will  leave  ^^^  inch  on  each 
side  for  the  reamer  to  cut.  If  possible,  it  will  be  better  to  drill 
the  hole  even  nearer  than  this  to  the  required  diameter. 

It  is  evident  that  if  the  reamer  were  to  be  made  of  the  sanie 
diameter  throughout  its  whole  lengtli,  it  would  be  very  difficult 


Fig.  69. 


Fig.  70. 


to  make  it  enter  the  iJ?)le.  In  order  to  facilitate  this,  it  is  usually 
made  slightly  tapering,  for  a  distance  from  the  entering  end, 
equal  to  about  one  diameter. 

One  form  of  reamer  has'  a  shallow  screw  thread  cut  at  the 
entering  end.  This  thmid  takes  hold  of  the  metiil  and  draws 
down  into  tlie  work.  When  using  a  reamer,  it  is  always  well  to 
pass  the  entire  tool  through  the  hole.     The  leading  end  is  sub" 
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Fig.  71. 

jected  to  the  greatest  amount  of  wear  because  it  does  the  greatest 
amount  of  work.  If,  therefore,  only  the  leading  end  is  put  through, 
the  hole  will  not  be  of  a  unifonn  diameter  throughout.  Oil  should 
always  be  used  on  reamers  when  they  are  working  in  wrought 
iron  or  steel. 

The  hand  reamer,  Fig.  68,  is  the  typical  form,  and  one  which 
can  be  used  in  many  cases  in  place  of  special  forms.  Fig.  09  is 
better  adapted  for  use  in  the  lathe  than  the  hand  reamer.  Thi? 
may  follow  the  flat  chuck  reamer  to  finally  finish  a  hole. 
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In  reaming  cored  holes,  the  eyliiidrieal  chuck  reamer,  some- 
times i'alle<l  the  nuiirhiiig  R*ainer,  is  <»fteii  xiaed.  It  is  iiuule  either 
i\)se,  Fig.  70,  fluted,  or  witli  thive  spiral  flutes,  Fig.  71,  and  gene- 
niUy  have  soIi<l  shanks.  The  last-named  style  will  fluish  ven* 
smootli  and  close  to  size  when  started  true  by  preliminary  l>oring. 

A  solid  reamer  cannot  he  shar]>ened  without  reducing  its  di- 
ameter; Uiei-efoi-e,  it  must  l)e  ust»d  carefully  in  order  t<i  prolong 
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Fi^'.  72. 


its  life.  Reamers  with  adjuKt4i]>Ie  blades  meet  this  objection,  bat 
cost  nnich  nioiv  than  tlie  solid  form.  An  expanding  reamer,  F^. 
72,  can  be  slightly  enlarged  to  ctunjwnsate  forgrinding,  and  is  t*»en 
used  as  a  solid  reamer.  Fig.  73  slutws  an  adjustable  reamer  with 
inserU*d  teeth. 

Reamers  an*  made  for  tapere<l  as  well  as  for  straight  holes. 
The  angle  varies  with  the  inUMided  use  of  the  tiijx^r;  for  examplei 


Fi^.  73. 

the  locomotive  tuprr  o( -^\.^  inch  prr  fi»ot  is  intended  for  bolt  hole/ 
wheiv  plates  an»  to  iu*  drawn  sol  idly  together  and  the  holes  e<mi- 
])letely  lille<l.  It  is  very  <lilli<'ult  to  rt'move  a  Indt  from  a  hole 
with  siKrh  a  slight  ta|)er.     \Vh(*n  piect^s  are  pinned  tugetiier,  such 
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as  a  hul>  to  a  shaft,  it  is  intended  that  they  can  be  separated  when 
desired,  so  the  taper  is  made  steeper,  generally  i  inch  per  foot.  This 
has  come  to  Im  known  as  the  pin  taper.  Taper  holes  for  holding 
lathe  centers  and  taper  shank  twist  drills  are  generally  made  i  iuoh 
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fig.  74. 

per  foot  (tke  Morse  taper).  This  angle  holds  the  tool  firmly,  and 
still  it  can  be  easily  removed.  The  three  tapers  mentioned  are 
recognized  as  standard,  and  reamers  for  them  are  carried  in  stock. 
Of  course  many  other  tapers  are  used  by  different  manufacturers, 
but  thpy  are  regarded  as  special.     Fig  74  shows  taper  reamers. 

Taper  reamers  differ  from  hand  reamers  only  in  the  angle  and 
by  not  requiring  the  tapered  entering  end. 

Holes  to  be  reamed  by  taper  reamers  must  be  slightly  laigei 
than  the  small  end  of  the 
reamer;  and.  If  the  hole  is 
deep,  it  is  usual  to  make  a 
stepped  hole,  shown  exagger- 
ated in  Fig.  75,  by  using  drills 
of  different  diameters. 

When  not  carefully 
sharpened,  all  forms  of  ream- 
ers have  a  tendency  to  chatter 

and  produce  rough  surfaces.  To  avoid  this,  the  flutes  are  f'^ 
quently  irregularly  spaced ;  another  method  is  to  use  spiral 
flutes,  usually  left  hand. 


Fig.  76. 


TAPS. 


When  internal  thread  cutting  is  done,  the  tool  is  called  a  tap. 
There  are  many  styles  of  taps  \    :he  names  in  some  cases  are  sug 
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gested  from  the  shape,  but  more  often  from  the  ose.  In  most 
machine  shops  are  found  the  following  forms:  hand,  machine 
screw,  pipe,  pulley,  stay-bolt,  boiler,  and  tapper ;  of  these  the  hand 
and  nmcliine  sci-ew  are  tlie  most  common.  The  object  of  all  is  to 
make  spiml  grooves,  called  tlireads,  in  holes,  so  that  they  may 
receive  and  hold  screws,  l)olts,  studs,  etc. 

Ah  the  size  of  a  tup  is  tlie  diameter  outside  the  threads,  it  is 
evident  that  tiie  hole  drilled  for  tapping  must  be  smaller  than  the 


Q 


a 
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Fig.  7& 

tap  by  nearly,  if  not  quite,  twice  the  depth  of  the  thread.  The 
shape  of  the  thread  partly  determines  the  amount  to  be  subtracted 
from  a  tiip  diameter.  There  are  now  i*ecognized  as  standard, 
fi^e  different  threads,  viz. :  sharp  or  V,  Franklin  Institute  or  United 
States  stiindard,  Whitworth,  International  or  metric,  and  the  29* 
or  Acme.  These  shajxjs  will  be  described  and  compared  under 
Screw  Cutting.  The  f()llo^ving  table  shows  the  diameters  of  the 
holes  that  are  to  be  drilled  for  cutting  the  various  sizes  of  the 
threads  according  to  the  United  Suites  standard  and  the  ordinary 
V-thread. 


^% 


MACHINE  SHOP  WORK. 


63 


Hand  tape  are  most  commonly  used  in  shop  practice,  and  a 
description  of  tlie  operation  will  answer  for  all  styles.  They  are 
usually  sold  in  sets  of  three, — taper,  plug,  and  bottoming.  See 
Fig.  76. 

The  cutting  of  a  thread  with  a  tap  is  not  difficult,  but  requires 
care  in  the  manipulation.  The  tap  does  not  need  to  be  forced 
into  the  work,  since  the  thread  will  draw  it  forward.     The  taper- 
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ing  of  the  tap  has  a  two-fold  effect  Ko  one  thread  must  do  all 
of  the  work  in  the  removal  of  the  metal ;  each  succeeding  thread 
remores  a  small  amount  until  the  full  thread  has  entered  the  hole. 
The  second  effect  is  that,  as  in  the  cases  of  a  reamer,  the  tap  is 
easily  entered  and  started.  Care  must  always  be  exercised  at  this 
point  of  the  work.  The  taper  of  tlie  tap  allows  it  to  easily  enter 
the  hole,  and  also  makes  it  possible  for  it  to  enter  at  an  angle.     If 
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it  is  started  in  the  latter  condition,  the  thread  'will  not  be  at  right 
angles  to  the  surface.  Tlie  degree  of  care  needed  in  the  starting 
of  the  tap  depends  upon  the  job  that  is  to  be  done.  In  the  case 
of  tapping  a  nut,  it  ^vill  usually  be  quite  sufficient  to  set  the  tap 
by  the  eye.  In  finer  classes  of  work,  however,  the  tap  should 
be  set  widi  a  square.  Start  the  tap  into  the  hole,  and  place 
d  square  on  the  surface  beside  it  in  two  positions  at  right  angles 
to  each  other,  and  see  that  tlie  tap  stands  paxallel  to  the  vertical 
blade. 

When  holes  have  been  drilled  that  are  to  be  tapped,  a  good 
way  of  setting  the  tap  is  to  put  a  center  in  the  drill  spuidle.     Put 

Uie  tap  into  the  hole,  and  bring  tins 
center  do^vn  into  the  center  hole  in  tlie 
head  of  the  tap ;  tliis  will  steady  Hie 
latter  while  it  is  being  started. 

In  using  the  tap,  it  is  well  to  work 
it  biick  and  forth.  This  allows  tlie 
chips  to  work  clear  of  tlie  cutting  edges, 
and  the  oil  to  cover  tliem.  In  case  of 
heavy  work,  *c  is  possible  to  drive  the 
tap  with  the  drill  spindle,  but  when 
tims  driving  a  tap  in  a  machine,  the 
backing  up  is  impossible. 

Sometimes  a  thi-ead  is  to  be  cut  down  to  the  lK)ttom  of  a 
hole  that  does  not  pass  entirely  through  the  metal.  In  this  case 
the  bottoming  tap  is  used.  This  is  a  tjip  that  is  not  tapered  at 
the  entering  end.  The  method  of  working  is  to  fii-st  cut  the 
tlnvad  as  far  as  ])os8il)lo  with  the  ping  tap,  and  then  use  the  \)otr 
ton  ing  tiip,  which  will  then  enter  easily  and  can  l)e  driven  to  the 
bottom. 

Machine  tiipping  is  iKJst  done  by  using  a  frictional  tap- 
holder;  that  is,  one  in  which  the  friction  is  enough  to  cut  tlie 
tlireads,  but  which  will  slip  when  the  tap  strikes  the  bottom  of 
the  hole.  This  will  insure  the  hole  being  tapjK'd  to  the  bot- 
tom, and  avoid  all  danger  of  bn;aking  the  tjip.  To  withdraw  the 
tap,  the  maclune  is  reversed,  usually  at  a  higher  spaed  than  used 
in  tapping. 

When  tapping  wrought  irou  •vud  steel,  *i  plentiful  supply  of 


Fig.  77. 
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oil   should   be  used.       On  brass  the  use  of  oil   is  unnecessary, 
while  cast  iron  should  always  be  tapped  dry. 


DIES. 

Dies  are  used  for  cutting  threads  on  bolts  and  other  siniilai 
parte  to  be  placed  in  holes  which  have  been  threaded  by  taps. 


[ 


5 


[ 
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Fig.  78. 

The  general  rules  given  for  the  use  of  tfips  apply  to  dies.  As  the 
number  of  threads  in  a  die  is  much  less  than  on  a  tap,  and  be- 
cause the  chips  have  a  much  freer  exit,  it  is  not  as  necessary  to 
back  up  a  die  as  it  is  a  tap. 

Dies  for  small  work  are 
usually  made  solid,  as  shown 
in  Fig.  77,  and  often  have  a 
slight  adjustment  for  altering 
the  size.  They  cannot  be 
sharpened,  but  have  an  ad- 
vantage in  rea«'ily  centering 
on  the  work.  As  the  full 
thread  is  cut  at  one  piissage 
of  the  die,  it  takes  consider-  j.,,,   79^ 

able  |K)yer  to   opemto  solid 

dies  of  large  size.  For  this  reason,  hand-opemted  solid  dies  are 
seldom  used  above  one-half  inch.     The  holder  or  die  stock  shown 
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iti  Fi^.  IS  lias  A  guide  t<>  bold  Uie  work  at  right  angles  to  the 
die,  Ijiit  die  stocks  are  i)ft**ii  iimde  witJiout  this  convenience. 

The  split  form  of  die,  geiiemUy  known  as  the  junib^it; 
(sh<m'nin  Fi^.  T!) ).  ciui  be  easily  sharpened,  has  unlimited  ad- 
justment for  size,  and  cuts  the  tliread  by  easy  stages,  as  it  wete. 


It  is  ninde 


(uilv. 


'I'll 


|,  to  tw 
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in.'br. 


Ki>j.  SO.      ■I'lu's.'  ;.[v  lint  liii-nisli.-d  w 

Cutting  Pipe  Threads.      Aimil 

cutting  is  that  on  wroiiglit-iron  [lijn!. 


,  iiiid  is  for  hand  opei'ation 
flic  is  called  a  serew  plate, 
ill  ijiiidcs  for  tbe  work. 
IT  i-omiiion   form   of  thread 
The  pipe  thread  is  rounded 
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slightly  at  top  and  bottom,  and  is  made  tapering  at  the  rate  of 
three-quarters  of  an  inch  per  foot.  The  dies  are  usually  solid, 
square   in  form,  and  the   die   stocks  are  provided  with  a  ring, 


J 


Fig.  80. 

which  fits  over  the  pipe  and  serves  to  hold  it  square  with  the  die. 
This  avoids  the  danger  of  cutting  the  thread  at  an  angle  with 
the  pipe  axis. 


FIff.  82. 


Comparatively  little  thread  cutting  is  done  by  hand.  A  large 
proportion  of  all  such  work  is  performed  on  bolt-cutters.  This 
is  ordinarily  the  roughest  and  cheapest  class  of  work,  and  the  run- 
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nintr  of  the  lx)lt-cutter  is  usually  the  first  work  to  which    the 
aj)[)rentice  is  assigned. 

Bolt-Cutter.  An  ordinarv  ty|>e  of  bolt-cutter  is  shown  in 
Fig.  81.  The  dies  are  held  in  the  head  A.  Instead  of  lx?ing 
solid,  as  in  Fig.  77,  they  are  made  in  sections,  and  can  be  opened 
or  clostni  by  the  movement  of  the  lever  B.  A  chuck,  C,  is  placed 
on  H  travel inir  hea<l,  and  this  can  l)e  moved  back  and  forth  by  the 
hand-wheel  D.  The  method  of  working  is  very  simple.  The 
dies  in  the  head  are  closeil  in  order  to  l>e  in  the  working  position. 
The  bolt  to  l>e  cut  is  gri[)j)eil  in  the  chuck  by  turning  the  handle 
E,  and  forced  acrainst  the  dies  by  the  handle  D.  As  soon  as  the 
dies  have  taken  hold,  they  draw  the  bolt  ahead.  When  a  suffi- 
cient  length  of  thread  has  l)een  cut,  the  dies  are  opened  and  the 
bolt  withdrawn.  This  avoids  the  necessity  of  backing  out.  as 
would  l)e  re(juired  if  the  dies  were  solid.  While  the  thread  is 
being  cut,  the  dies  are  kept  flooded  with  oil. 

Templets.  W^here  the  same  piece  of  work  is  to  be  many 
times  rej)eated,  templets  are  used.  This  method  avoids  the 
necessity  of  making  measurements  in  the  laying  out  of  the  work. 

The  iiutrkimj  fvinplet  consists  of  a  piec*e  of  the  same  shape  as 
the  finished  article,  it  is  usually  laid  on  a  flat  surface,  and  held 
fast  l)y  iron  clamps  as  shown  in  Fig.  82.  The  outline  is  then 
marked  on  the  surface  with  a  8cril)er,  and  sometimes  emphasized 
by  prick  punch  marks. 

The/^V/z/y  frniph't  is  of  the  same  character  as  the  one  just  de- 
scril)cd,  l>ut  it  is.  hardened.  It  is  clamped  in  ^the  vise  with  the 
piece  to  be  sliaptMJ,  and  the  surface  filed  down  to  coincide  with 
the  form  of  the  templet. 

AVhere  holes  are  to  1h'  drilled  in  duplicate,  a  templet  known 
as  a  //y  is  used.  Tlifsc  jigs  are  made  so  that  they  fit  over  the  piece 
to  be  drilled,  and,  when  clamped  in  |)osition,  indicate  the  location 
of  the  holes  by  means  of  hardened  steel  bushings  set  in  the 
templet. 

The  making  of  templets  and  jigs  is  one  of  the  finest  branches 
of  the  machinist's  work,  and  is  ijenerally  classes!  under  the  head 
of  tool  niciking.  The  ra])id  and  economical  |)r(Mluction  of  machine 
parts  ill  <|nantity  depends  largely  on  the  tool  maker,  who  must, 
therefort*,  be  considered  the  highest  tyjK*  of  machinist. 
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PART  II. 


THE  LATHE. 

The  lathe  is  one  of  the  most  ancient  of  tools,  and  is  a  develop- 
ment  of  the  potter's  wheel.  The  spindle  is  horizontiil  and  tlie 
work  is   revolved  while   the   cutting   tool  is  statdonaiy.     In  its 


Flff.  83. 


various  forms  and  sizes  it  is  by  far  the  most  important  tool  in  the 
machine  shop.  It  is  built  in  a  wide  range  of  sizes  from  the  deU- 
cate  instrument  suitable  for  the  work  of  the  jeweler  to  the  great 
machine  capable  uf  turning  engine  shafts  for  the  largest  ocean 


GO 
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8teainshi[)s  or  the  rings  for  the  heavy  onliiaace  of  battleships  and 
fortitieatioiis. 

5peed  Lathe.  The  small  lathe  used  in  the  machine  shop  for 
the  opiM-titioiis  of  hand  turning,  tiling,  and  polishing  is  called  the 
hand  or  speed  latlie,  Fig.  83.  This  type  driven  by  foot  power  is 
in  gn»at  favor  with  amateur  workmen.  While  hand  turning  is 
avoided  as  much  as  possible,  it  cannot  l)e  wholly  eliminated,  and  a 
brief  des(*ription  of  the  tools  used  and  the  operations  performed 
seems  necessiirv. 


IMaiiiNlitT. 


<^ 


^ 


^ 


(braver. 


Hound  Nose. 

Fiu.   84. 


The  tools  used  on  brass  and  connx)sition  cut  by  a  scraping 
action,  and  are  almost  always  held  at  or  below  the  center.  The 
three  tools  shown  in  Fig.  84  called  the  planisher,  graver,  and 
round  nose,  are  typical  of  all  the  tools  necessary  for  turning  brass. 
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etc.  The  manner  of  holding  these  tools  in  connection  with  the 
T-rest  is  illustrated  by  the  planisher  in  Fig.  85.  Fig.  86  shows 
another  view  of  the  T-rest.  Typical  hand  tools  for  cutting  iron 
and  steel  are  the  diamond  point  or  graver  and  the  round  nose, 


Fig.  86. 


Fig.  86. 


shown  in  Fig.  87.  They  are  used  differently  from  hand  tools  for 
brass,  in  that  the  cutting  edge  is  carried  above. the  center,  and 
the  metal  is  removed  by  cutting  instead  of  scraping.     The  graver 


<2 


a. 


^ 


Fig.  87. 

frequently  takes  the  place  of  the  planisher,  for  it  can  be  used 
as  shown  in  Fig.  88,  either  on  the  outside  or  on  the  end  of  a  piece 
of  work.  The  round  nose  is  used  solely  for  concave  surfaces, 
being  held  as  high  on  *^^'*  work  as  proper  cutting  will  allow  ;  Fig. 
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80.  The  graver  ean  l)e  used  on  bniss  for  a  great  variety  of  opera- 
tions; but  its  use,  except  in  the  hands  of  an  expert  workman,  is 
att<Mtded  with  <liinger  of  catcliing  in  the  soft  metal  and  thus 
breaking  the  tool  or  spoiling  the  work. 


Fijr.  88. 

To  make  the  hand  hithe  moi-e  rapid  and  certain  in  operation, 
it  is  fivciuiMitly  provided  with  a  tool  holder,  called  the  slide  rest, 
Fig.  *J0.  This  holds  the  tool  rigidly  and  guides  it  mechanically, 
so  that  the  work  is  done  moi-e  rapidly  tlian  witli  hand  tools. 
Slide  ivsl  tools  are  miniatures  of  those  used  on  lai^er  lathes, 
hence  a  description  will  not  l>e  given  at  this  point. 

Engine  Lathe.      When  the  slide  rest  is  permanently  attached 
to,  and  movable  along,  the  lx;d  of  the  hithe,  and  motion  is  auto- 
matically   imi>arted    to    tlie 

^  y- tool,  we  have  what  is  termed 

the  engine  lathe.  This  is 
one  of  the  most  common,  as 
well  as  one  of  the  most  im- 
lM)rUint  machine  tools,  and 
one  which  can  l)e  made  to 
ser\'c  for  a  wide  varietv  of 
ojK' nil  ions.  For  these  I'ea- 
sons,  it  is  entitled  to  a  moiv 
ext<MultMl  description  than 
that  accoitled  to  less  typical   forms. 

An  onlinarv  form  of  scnnv  ciittiii*'  euixine  lathe  is  shown  in 
Fig.  in,  which  is  a  reprcsriilaiioii  of  out*  of  usual  dimensions.  It 
has  a  stn»ng  cast-iron  IhmI  A,  carried  on  four  well  braced  legs,  that 


> 


^ 
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may  be  bolted  to  the  floor,  tliough  the  .weight  of  the  niaehine  may 
be  suflicient  to  hold  it  in  i)08ition.  On  the  left-hand  end  of  the 
bed  there  is  fastened  the  hejid  stocTc  B,  which  carries  the  main 
running  gear  of  the  machine.  At  each  end  of  the  head  stock 
tliere  is  a  bearing  for  the  spindle.  Running  loosely  on  the  spin- 
dle and  between  tlie  bearing  is  the  cone  pulley  C  to  which  the 
pinion  D  is  attached. 

The  back  gear  is  designed  to  reduce  the  speed  of  the  spindle 
without  changing  the  belt  sj)eed.     The  mechanism  of  the  back 


Fig.  90. 

gear  is  more  clearly  shown  in  Fig.  92.  The  large  gear  E  alone 
shows  in  Fig.  91.  It  is  driven  by  tlie  pinion  D  which  is  attiiched 
to  the  cone.  The  pinion  on  the  same  sleeve  as  the  gear  E  drives 
the  gear  at  the  right  of  the  cone.  This  gear  is  keyed  to  the 
spindle.  When  the  back  gear  is  not  in  use  it  is  thrown  out  of 
mesh  with  the  gears  on  the  pulley  and  spindle,  by  means  of  the 
shaft  having  eccentric  bearings  upon  which  it  turns  ;  at  the  same 
time  the  cone  pulley  is  fastened  to  the  gear  at  its  right.  'i1ie 
spindle  tlien  turns  with  the  cone  pulley.  When  the  ])ack  gear  is 
in  use  the  spindle  runs  more  slowly,  with  the  belt  on  the  same 
step  of  the  cone,  than  it  does  when  driven  direct 

The  spindle  projects  through  the  ljeanii<^^s  at  eacli  end.     At 
the  nght  it  is  usually  thi'eaded  to  receive  a  face  plate  F.     It  is 
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also  bored  out  and  tapered  at  the  end  for  a  center  G.  Tliis  cen- 
ter is  called  the  live  center  because  it  turns  with  the  spindle.  The 
dead  center  II  is  in  the  tjulstock,  and  hence  does  not  turn.  At 
the  left  the  spindle  projects  beyond  the  liearings,  and  carries  a 
small  cone  pulley  I  and  a  pinion  J.  The  cone  pulley  ser\ea  as 
the  driving  pulley  for  a  narrow  belt  running  to  the  corresponding 
pulley  K  on  the  feed  rod  N. 
The  pinioQ  serves  to  drive, 
through  tlie  intermediate  gear 
M,  the  lead-screw  O. 

The  work  is  held  on  tlie 
centers  (r  and  H,  the  distance 
Jwtween  whieh  is  adjusted  by 
moving  the  tiiilstock  S  (sotne- 
tinies  called  the  biilblock).  The 
latter  is  held  to  the  bed  by  a 
clamp  and  bolts  tightened  by 
tlie  nuts  T.  To  move  the  tail- 
stock,  these  nuts  are  slackened 
and  the  stock  moved  to  the 
proper  position.  The  final  ad- 
justment is  made  by  turning  the 
hand  wheel  Q,  which  rotates  a 
screw  ill  the  case  P,  which 
works  in  a  nut  in  the  spindle 
of  the  dead  center  H  which  is 
tiius  moved  in  and  out.     When 

the  centers  have  been  properly  adjusted  and  the  work 
tion,  the  dead  center  is  clamped  by  the  handle  R. 

When  work  is  to  be  turned,  the  tool  is  proiierlyailji 
the  carriage  U  moved  along  the  bed.     This  niovement 


i-iS.  ft2. 


IS  111  posi- 


istcd,  and 

is  accom- 
plished by  means  of  gearing,  which  is  placed  Iwliiiid  the  apron  of 
the  carriage,  and  driven  by  the  shaft  upon  which  tlie  cono  jjullcy 
K  is  keyed.  The  driving  gear  incshea  with  a  mck  licnciitb  tlie 
upper  ledge  of  the  bed.  Connection  between  the  gearing  and  the 
shaft  is  made  by  a  friction  clutt-h.  The  (-anhigts  may  also  U^ 
moved  by  hand,  by  turning  tlu!  hand  Avhetd  Y,  to  which  there  is 
keyed  a  pinion  directly  meshing  in  the  rack. 
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The  totil  lA  fed  U)  tlio  work  anil  witlidnnvii  friHU  it  by  tii ruing 
the  ciiiss  fi'eil  h:iii(Ue  W.  Tliia  drives,  by  iiieaiis  of  tlie  sorew  and 
nut.  tlic  eiMSH  Nlide  X.  This  un-angement  permits  any  tlesirtd 
tmnsvei-se  or  lungitudiiiul  position  of  the  tool.  I'he  motion  td  tlie 
carria^  is  usually  fn  mi  right  to  left  when  at  work.  When  wrews 
ure  to  U-  (!ut,  a  different  fet'd  is  use<l.  In  ordiimrj-  tuniing  there 
will  be  a  variation  in  the  ivlatinns  between  the  rotaition  of  tJie 
work  and  the  lun^tndinal  motion  of  the  tool  due  to  the  slipping 
i>f  the  I(elt  eonneetinir  the  eone  pnlle_\s  I  and  K,  or  to  the  slipping 
of  the  frietiou  t'lutt-h  connecting  tlie  sliaft  K  t4>  tlie  driving  gear. 
To  cBt  a  Bcrew  thread  it  is 
neeeeaary  that  there  shall 
be  no  relative  chanire 
in  the  i-otation  of  the  wort 
and  the  longitudinal  mo 
tion  of  die  tool.  In  other 
wonts,  tlie  tool  must  travel 
ft  given  disfaniec  fiT  every 
ivvolnlion  of  the  work. 
To  accomplish  tliis,the  ca^ 
riage  is  driven  by  the  ]ea<l- 
sercw  <)  working  in  a  nut 
set  in  the  carriage.  The 
siii'W  is,  in  turn,  driven 
by  the  tmin  of  geara  J,  M, 
the  M|)iiidle.  The  iutemic- 
gear  L  is  keyed    to  the 


■  .1    is   kove<l 


and    L.     The   g.-a 

diiito  gear  M  runs  luose  on  a  slud. 

feed  rod  N,  which  tnmsmits  its  itiotimi  to  the   lead-screw  <)  by 

gcais  V  and  '/,.      I'>y  clmngiiig  llic  sizes  of  the  gears  used  on  the 

spindle  and  the  mivw.  :my  .Icsiivil  thrcail  may  U' cut.      The  size 

nf  till'   tnlcniiediiilc  ljcii'  M  tnis  no  ctlVct  mi  the  thivad  U-iiig  cut. 

It  is  used    to  ciiinicct  tlie  ullier  twn  geai-s.  imd  eaii   l>e  adjusted  to 

any  desiiol  iHisilii>ii  furihiit  ]>i[]']uisc. 

In  Ihis  ( ntry  ihc  sizi;  i.f  a  i.atiik  is  designati'd   by  the 

Iaigcst</m/H.7.7-it  will  swing  o\er  the  guides,  and  by  the  length 
n(  ilie  U-i\.  Tho  lallii-  illiisiiai..,!  is  kii.m-n  as  ir'xK'.  In 
I'jigliunI  the  disiaricc  iVi.iii  liic  giiidrs  to  llie  center  is  the  unit  of 
size,  and,  in  a  fi'W"  cases,  llie   greatest  distance   l)etweeu  eeiilcrs  is 
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considered  t»  be  tlie  lengtlt  of  the  lathe.  Thus  a  1.5-iiiuh  Intlie  in 
England  would  be  a  30-inch  lathe  in  the  United  States, 

The  attachments  usually  furnished  witliout  extra  charge  are 
a  large  face  plate  of  the  full  swing  of  the  lathe,  a  steady  rest,  and 
a  follower  rest. 

The  small  face  plate  is  used  only  for  driving  tlie  work  indi- 
rectly through  suitflhle  attachments.     The  large  face  plate  shown 


in  Figs.  91  and  93  is  used  us  a  direct  supjwrt  for  the  work,  tlie 
T-slots  and  other  openings  funiishiug  opp()rtiinities  for  (jolting 
and  clamping  the  work  firmly  to  tlie  face  plate. 

The  StMuly  Rest.  When  work  is  being  done  on  tlie  end  of 
a  shaft  80  that  the  tailstock  eannot  l»e  used,  it  is  necessary  to  .sui>- 
I)ort  tlio  shaft  in  some  other  way.  It  is  dune  by  means  of  tin- 
steady  rest  shown  in  Fig.  94.  This  rest  eonsistw  of  a  fnime  liiiigt')! 
at  A,  and  fitted  with  three  movable  jaws,  B  IS  B.     Tho  rest  in 


MACIUXI-:    SHOP    WORK. 


i-liiriti»t'il  111  till'  lailie  1)0(1  in  the  jiroper  place.  The  jawB  B  B  H 
iiii>  tlifii  ailjiisli'il  til  foriii  ii  iM-iiriiig  for  tlie  work,  care  Iteing  taken 
tli;it  till-  iixis  of  till-  w.nkis  jiiinillel  totlie  ways,  orelieaiv.  UnlesN 
it   is  |«ii-.illfl,  till'  work  will  not  !«  tuniHl  true;  that  is,  the  end 


I 


KiK    !i5. 


I 


will  1h'  Imlloweil  or  conical,  as  shown  Noiiie- 
ln-  iHioniinirLyinjf  diaj^rani  (Fig.  05),  Tlie 
ioNii[i]>ort  lonjT  shafts  that  are  being  tnrncl ; 
friiin  BJifjj^iiig  tit  the  uentcr  and  thus  being 
turned  out  of  true. 

After  adjusting 
the  .-iteiwly  rest  to  size, 
it  i-an  be  niovfil  iiliiiig 
tlu'  U'd  of  tlu-  latino 
withiMit  changing  llii' 
n-latiou  to  tiio  IntUi- 
jixis;  but  <-an>  nnist  In' 
tiikeii  not  til  rt;verse  tlio 
stfiuly  ivst  in  the  lathe, 
as,  ill  most  cnses,  suHi 
,-^  acliiin    would    neeessi- 

fiiie  a  readjustment, 
n-i.  :iii'l  ivuliT  ii'st.  aiv  syiHinyiuoiis  with 

-,  M.,  v,.;i„.  ,,t'  {]„■  ].\iriios(-s  of  the  steady 
:.  ill.-  i.iiiij-'-.  ;iiiil  ninvi's  with  it  at  the 
-.  |[  11, ..V  r...iM-l  <.(  adjustable  jaws  ora 
■  ihr   |iii'i  ■   !■  i.;^-  ti,,-!ird.     It  is  esi>eeiaily 


MACHINE   SHOr 


VORK. 


63 


valuiililc  ill  itmiiiig  fihartiiig  mid  (.ilmr^oik  wlurc  the  nitiu  of 
lungtli  1(1  (liniiieter  is  very  gnjiit.  'J'lie  follower  rtot  ib  not  verj- 
ofUjii  used  in  shop  practice,  except  on  cliisbes  of  work  jiisl 
mentioned.  Tlie  extra  utbteliuientti  desirable  fur  a  kthe  will 
now  be  briefly  descriljed. 

Chucks.     First  in  importance  in  the  latte  (.buck,  Fig.  96.     It 
consists  of  a  body  which  is  fastened  to  a  s[>ecial  face  plate  in  sucb 


!t  way  that  it  is  concentric  with  tlie  spindle.  The  three  jaws  AAA 
can  be  moved  in  and  out  toward  the  center  by  turning  the  screw, 
beads  BBB,  These  chucks  are  univei-sal  or  independent.  In  tlie 
universal  chuck  all  of  the  jaws  are  operated  simultaneously. 
That  is,  when  one  of  the  screw  heads  B  is  turned,  all  of  the  jaws 
are  moved  an  equal  distance  towai-ds  or  away  from  tlie  center. 
This  makes  it  possible  to  put  the  work  in  position  quickly  if  it  is 
approximately  round  in  its  unfinished  condition.      With  tlie  in* 
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(l(4)eiKlent  chuck,  Fig.  i»7,  eiich  jaw  is  operated  separately.  Such 
a  chutk  is  used  for  hohliiig  pieces  of  irregular  shajje  and  tliose 
which  must  1h^  held  ec<'entrically.  Frequently  the  universid  and 
iiHlepeiideiit  chucks  ixiv  conduned  in  one.  Means  are  then  pn> 
vided  for  working  the  jaws  separately  or  together  as  desired. 

In  using  the  universiii 
chuck  eacli  screw  should 
lye  tightened.    The  method 
of  proceduni  is  to  place  the 
work   in   tlie    chuck,   and 
turn  one  screw  head  until 
all  of  tlie  jaws  are  in  con- 
tact with  tlie  piece  to   l>e 
operated  ui)on.    Then  turn 
the  chuck  and  tighten  each 
screw    head     successivelv 
until  each  one  is  ti^dit  enou<i^h.     Owing  to  wear  and  lost  motion, 
it  is  soniciinies   necessary  to  apply  the  wrench  to  each  one  three 
or  four  times  In'foro  the  final  adjustment  is  reached. 

Latin*  chucks  are  usually  made  with  three  or  four  jaws. 
Univei"sal  chucks  generally 
have  thrtM*  jaws,  while  inde- 
pendent chucks  liave  four. 
It  follows  that  a  combination 
chuck  is  not  whoUv  satisfac- 
tory,  Immjiu^c  with  three  in- 
de|M*ndent.  jnws  it  is  vei'\ 
ditVuMilt  to  adjust  Mork  ac- 
curately, and  with  tonr  uni- 
versal jaws  it  is  ('(pially  dil- 
ficnlt  to  jjrt.  ('\crv  iaw  to  hear 
on  tli«!  work.  For  certain 
classes;      oF     wolk,     cs|)cci;illy 

valves  and    j»ij»c  1ittin<^»-s,  clincks  with   two  jaws  are   often  used 
The  lari^c  face  ]»latc  of  a  ^iliic  can  he  made  int<j  an  indepcii- 

dent   chuck    hy   attachinLT    what    are   known   as    face-plate    jaws; 

Fi^^  !>>=.      In  this  case,  tlieie  may  he  six,  eiirht,  or  more  jaws. 

As  these  chucks  arc  exjxnsive  it  sometimes  hypi)ens  tliat  a 


jffi 


B 


C-fetJ 


Kii;.  m. 
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piece  is  to  be  held  for  which  no  provision  is  made.  A  chuck  can 
then  be  made  of  wood.  Such  a  chuck  is  shown  in  P'ig.  99.  Two 
piec^es  of  wood,  A  and  B,  are  bolted  together  by  the  bolts  EK, 
^vhile  sepamted  by  the  filling  pieces  CC.  The  piece  is  lirmly 
bolted  to  a  face  plate  by  the  bolts  DD.  The  lathe  is  then  run  at 
high  s})eed,  and  the  interior  bored  out  exactly  the  size  of  the 
piece  tliat  is  to  be  held.  The  nuts  of  the  bolts  EE  are  shickened 
and  the  filling  pieces  CC  removed.     The  work  is  then  inserted^ 


Fig.  100. 


Fig.  101. 


and  by  tightening  the  nuts  EE,  it  is  securely  clamped  between 
the  pieces  A  and  B. 

Lathe  Dogs.  As  the  frictional  contact  of  the  work  on  the 
live  center  is  not  sufficient  to  turn  it,  some  device  must  be  used 
to  make  the  work  turn  with  the  center.  To  accomplish  this  a 
lathe  dog  is  used.  For  round  work,  such  as  shafting,  a  dog  like 
that  shown  in  Fig.  100  is  often  used.  The  shaft  or  piece  to  be 
turned  is  placed  in  the  hole  A,  and  held  firmly  in  place  by  the  set 
screw  B.  The  tail-piece  C  is  2>ut  through  a  hole  in  the  face  plate 
and  the  work  rotates  with  the  live  center. 

While  this  type  of  dog  is  satisfactory  in  most  cases,  the  fact 
tliat  the  contact  Ijetween  the  dog  and  the  face  plate  is  lH»y(md  the 
end  of  the  pie^e,  introduces  a  bending  strain  which  is  appi-eciable 
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ill  slender  work.     To  uvoul  this,  dugs  are  made  with  a  straiorlit 
tail,  mid  driven  by  a  stud  pn>jecting  from  the  face  plate. 

For  work  other  than  round,  a  dog  such  as  that  shown  in 
Ki^.  101  may  1ki  usimI.  The  work  is  placed  between  tlie  jaws,  and 
held  in  position  hy  the  holts.     The  holes  in  the  upper  jaw  are  made 


Fig.  102. 

larger  than  the  s(*r(*\vs  in  onler  tha^t  the  angle  between  the  jaws 
may  U*  varied.  The  (M)nneetion  lx)tween  the  faee  plate  and  dog 
is  made  as  with  Fiir.  1^0. 

riandrels.     Another  method  of  holdui^  work  is  hy  the  use  of 
a  mandix'l.     This  is  a  pieee  of  sti»el  with  a  slight  taper;  the  ends 
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an^  llMttciMM]  lor  i1h»  lalht*  do<r,  as  shown  in  Fig.  102.  It  fre- 
(piiMitly  liMppcns  lliat  :i  ]»i«*(M»  with  a  hole  in  it  is  to  l>e  turned  or 
linislicd  <»vi'r  iis  ciiiicr  smtarf.  In  lliis  cast*  a  dog  eannot  l>e  used, 
and  it.  is  t  ronMrsnmc  to  hoUl  it  to  a  chuek.  Such  a  pieee  is 
shown  in  Vv^.  1<'-».  This  is  a  siuninj^^-hox:  gland.  If  it  were  to 
1m*  lu'ld  hv  the  jaws  ot'  a  i-hnck  tlu*  face  A  could  not  be  reachedat 
all,  and  only  a  j»ortion  of  the  cd^-c  I>,  whereas  a  dog  elamped  to  it 
would  otTcr  c\cn  ^-I'catcr  oi»struct ion.  Tlie  metlKKl  of  using  the 
mandrel   is  to  ream  the  gland   out,  so  th.at  it  can  be  driven  upon 
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tlu'  inuii'lre'l.  \Vli(';i  I'.ii:;  has  heeii  done  ihc  fricti(>:i;;l  r:\sistiiii(M:' 
iH^lweisi  th(^  two  will  hu  sutticieiit  to  drive  the  piece.  Jn  tliis 
nuinner  it  can  Ix^  finished  over  its  whole  surtaee  with  bnt  one  setr 
♦^iii^  in  the  laths.  All  finishincr  possihh^  may  he  done  while 
it  is  in  the  cluick,  leaving,  in  this  case,  only  the  face  A  and  edge 
B  to  lie  finished  while  on  the  mandrel. 

Should  the  gland  he  shaped,  as  shown 

in  Fig.  104,  it  would  l)e  necessary  to  make 

a  special  mandrel  to  fit  the  hoi^.     The 

cylindrical  part  of  A  of  the  mandrel  must 

l)e  a  driving  fit,  and  the  part  B  a  loose  fit. 

Expanding  Mandrels,    Where  a  man- 

di-el  like  that  shown  in  Fig.  102  is  fre- 

YA(/9h\  quently  used,  the  constant  driving  on  and 

W////////////^^^  oiT  of  the  work  will  wear  it  to  a  smaller 

diameter,  causing  it  to  hecome  useless. 
Again,  solid  mandrels  are  usually  made 
of  standard  diameters,  varying  hy  six- 
teenths of  an  inch. 
It  sometimes  hap- 
pens that  a  piece 
to  l)e  turned  has 

a  hole  which  will 
not  fit  any  stand- 

aixl  solid  mandrel. 

To  overcome  these  difficulties  an  expanding  mandrel,  shown 
in  Fig.  105,  is  used.  This  is  really  a  chuck  so  ari-anged  that  the 
grips  can  be  forced  out  against  the  interior  of  the  hole.  When 
the  work  has  been  finished  the  grips  are  again  drawn  in  and  the 
piece  removed.  Another  form  of  expanding  mandrel  is  shown 
in  Fig.  106. 

Centering.  A  piece  to  be  turned  is  supported  on  the  two 
centers  of  tlie  lathe.  In  order  that  this  may  be  done,  the  ends 
are  prepared  by  drilling  a  hole  in  each  and  countersinking  it. 
This  is  called  centering  the  work.  The  countersink  should  be  of 
exactly  the  same  angle  as  the  lathe  center  upon  which  it  is  to 
lun.  The  hole  should  be  drilled  deep  enough  so  that  the  point 
af  the  lathe  center  may  not  strike.     The  shape  of   the  hole  is 


Fig.  104. 


85 


74 


MACHINE  SHOP  WORK. 


shown  in  Fig.  107.  The  angle  of  the  hole  varies  from  40**  to  90^ 
hut  GO"*  is  the  genemlly  accepted  standard.  The  effect  of  using  a 
60"*  liole  on  a  iW"  center  is  shown  in  Fig.  108.  The  result  of 
such  an  application  is  that  the  l)earing  will  be  concentrated  on  a 


Fig.  105. 

line  AB  causing  nipid  wear  of   the  outer  end  of  tiie  hole,  and 
a  cutting  of  the  dead  center. 

The  size  of  center  lioles  varies  with  the  weight  of  tlie  work 
and  the  character  of  the  o[)er.ition.  Heavy  work  and  rough 
turning  rec^uii-e  large  center  lioles,  while  small  work  and  fine  turn- 
ing can  l>e  done  without  eountei-sinking  deeply.  As  bearing  sur- 
faces in  cast  iron  must  l)e  lai-ge  to  l)e  satisfactor}',  center  holes 
in  cast  iron  are  likely  to  give  trouble  by  unequal  and  rapid  wear. 
When  turned  work  in  east  iron  must  l>e  very  accurate,  it  is  well 


Vl<r.     10(1. 

to  drill  a  lar^-e  hole  in  each  end,  drive  in  a  plug  of  w-rought  iron 
or  mild  steel,  and  form  the  center  lioles  in  the  plugs  thus 
driven. 

When  the  ])ie(r  has  Iwcii  [>nt  in  place,  the  dead  center  should 
be  oiled  and  screwed  up  into  position.  It  slnndd  l>e  tightened  so 
that  there  is  no  lost  motion  and  y«'t  a  How  the  work  to  turn  fively. 

The  tnrnini^''  of  shafts  and  ])ar>  is  nol^  however,  the  only  kind 
of  work  to  be  done  on  a  hithc  IMcccs  are  to  be  turned  that  arc 
thin,  that  have  holes  throu;_di  the  center,  and  which  are  so  sliaped 
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that  tliey  cannot  be  lield  upon  the  ceiitei's.  In  sucli  cases  it  be- 
comes necessary  to  lioUl  tlie  work  firmly  without  liistortioii,  as 
nuty  be  done  hy  use  of  the  lathe  chuck. 


Fig.  107. 


Kg.  108. 


Still  another  method  of  holding  work  is  tliat  shown  in  Fig. 
109.  The  piece  is  clamped  to  Uie  face  plate.  Wlien  this  is  done 
there  should  be  a  bearing  on  the  face  plate  immediately  beneath 
the  clamping  strap.  For  example  consider  Fig.  110,  Suppose  a 
disk  having  four  feet  on  one  side  is  to  be  faced  off  on  the  fnint. 


Fig.   109. 


I 


i 
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The  clampe  should  he  placed  directly  over  the  feet  aa  in  B,  If 
they  are  placed  between  tlie  feet  at  EE  tlie  work  will  Im  spning 
out  of  shape  as  shown  by  tlie  dotted  lines  in  A.  Then,  when  tlie 
tool  has  done  ita  work  the  shape  of  the  piece,  while  bolted  to  the 
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face  i»laUs  will  l>e  as  shown  in  C.  As  soon  as  the  pressure  of 
the  »tic4>s  is  ivnioveil  the  elasticity  of  the  metal  will  cause  ihe 
! licet*  to  assume  the  convex  form  shown  in  D,  whereas,  if  the 
'traj)s  had  Ih^cu  phiccd  as  shown  in  H,  no  distortion  would  have 
l>t*en  prtnluccd. 


T\ 
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An  angle  iron  may  Ixi  clamped  on  a  face  phite,  as  sho\m  in 
Fig.  Ill,  presenting  a  surface  piniUcl  to  the  lalhe  axis  to  which 
work  mav  l)e  attached.  The  allele  irons  niav  of  couree  he  at  auv 
angle  to  the  face  plate,  hut  00°  is  the  one  most  commonly  used. 


l-ii:.    111. 


Wlicii   \N(nk   is   held    in    this    iiuiiinri",  it  is    dcsirahle  to   counter- 
hjilaiice  il,  as  is  also  shown  in  l-'iLT-  111. 

Adjuslinjj:  Pieces  to  Center.  Whenever  a  piece  is  to  he 
turned  in  a  lathe  il  is  iKM-cssMiy  t«>  Miliustitso  that  lis  rough  out- 
line is  ;ipj)roxiiiiately  concentric  with  the  lathe  centers.     This  is 
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doue  by  bolting  it  lightly  to  the  face  plate  and  running  the  lathe. 

While  running,  a  piece   of  chalk  is   held   so  that  the  projecting 

jMirtlons  will  strike  it.     This  marks  the  piece,  and  indicates  the 

part  that  \s  farthest  from  the  center.     The  lathe  is  then  -stopped 

and  the  piece  shifted,  moving  the  chalk 

mark  totvardi  the  lathe  center.     This 

is  repeated  until  the  chalk  makes  s 

ooDtinuous    mark   around  tlie  whole 

circumference.     The  piece  may  then 

he  considered  to  be  centered. 

Suj^ose  it  is  necessary  to  center 

It  piece  having  a  hole  that  must  run 

true.     In  this  case  tlie  inside  of  tlie 

hole  must  be  used  as  a  guide.     I^et 

Fig.  112  represent  the  hole  with  the 

thin  shell,  and  A  a  chalk  mark  made 

as  described  for  centering  by  the  out- 
side.    In    this  Tvork  the  chalk  mark 

must  be  moved  awaj/  from  the  center. 

A  lathe  tool  may  be  used  as  shown  in  Fig.  113  to  center  a  piece 

that  is  to  be  bored. 

Where  a  piece  has  already  been  turned,  greater  accunicy  is 

demanded,  and  a  surface  gage  may  he  used  to  advantage.  Set  the 
gage  on  the  bed  or  carriage 
of  the  lathe,  and  place 
one  of  the  points  in  con- 
tact with  the  work.  Kiv 
tate  the  work  as  before, 
and  note  where  the  point 
touches  the  surface.  Tliis 
point  in  fa)  l)e  Ireatod  in 
tlie  same  way  as  the  chalk 
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mark  explained  in  a  preceding  paragmph. 

A  still  more  accurate  nietli<xl  of  centering  it  |>iece  <if  tnrni'd 
work  on  a  face  plate  is  to  use  Konie  form  of  gni<luutL'il  inilicut'ir, 
6Dch  as  the  Starrett  indicator.  Fig.  114.  This  in  lield  in  the  tool 
pent,  and  the  contact  point  brought  against  the  work  until  the 
indicating  arm  is  at  zero.     If  thf^  work  is  now  slowly  rotatt^d  1>^ 
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liaiul,  the  indicator  will  show  just  where  the  work  is  out  of  true, 
and  lK»in^  graduated  in  thousandths  of  au  inch,  will  also  show- 
how  much.  By  careful  adjustment,  the  piece  may  l)e  centered  lo 
Ihe  degree  of  accuracy  recjuired. 

Instead  of  locating  a  cylindrical  surface  concentric  with  the 
axis  of  the  lathe,  it  often  hap{)ens  that  a  point  is  to  be  hx^ated  in 
the  axis.  For  this  purpose,  the  center  indicator,  Fig.  115,  is 
used.  The  free  end  of  tlie  short  ann  is  placed  in  the  i^)int  to  l)e 
centered  (usually  a  prick  j>unch  mark),  the  fulcnim  lieiug  held  in 


Fig.  1 14. 

the  tool  post ;  when  the  work  is  roUited,  the  free  end  of  the  long 
arm  not  only  shows  the  error,  hut  magnifies  it  in  proportion  of 
the  length  of  the  sliort  arm  to  the  length  of  the  long  arm.  By 
using  a  companitively  long  arm,  the   point  can  l)e  very  closely 

Cnitrruij/  Finish^'iJ  Wurk,  After  making  the  center  punch 
mark  in  the  end  of  the  piece,  it  is  drilled  and  countei'sunk.  This 
must  !)«•  <lone  verv  accuratclv,  l)ut  frcciucntlv  the  drilled  hole  or 
the  countersink  will  not  he  in  tlie  exact  center.  See  Fig.  110. 
This  may  he  caused  hy  uneven  grinding  of  the  drill,  eccentric 
motion  of  the  (hill  \nn\\{  (due  to  the  inaccurate  running  of  tlie 
spindle),  or  the  <listoilion  of  the  metal  hy  the  center  punch.  If 
th(*  countersink  is  not  c^xaetly  in  the  center,  it  must  be  drawn 
hack  to  the  center.     This  is  generally  done  by  the  small  round- 
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nosed  chisel  and  a  hammer.  The  method  of  doing  tliis  work  is 
as  follows:  After  making  the  center  punch  mark,  the  hole  is 
drilled  and  then  countersunk  slightly.     The  work  should  now  be 


M. 
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Fig.  116. 

stopped ;  and  if  the  circumference  of  the  conical  hole  is  not  con- 
centric with  the  circumference  of  the  piece  a  groove  ahimld  be  cut 
down  the  side  farthest  from  the  outer  circumference,  as  shown  in 
Fig.  117.     The  depth  of  the  groove,  which  should  be  near  tlie 


Fig.  116.  Fig.  117. 

center,  depends  upon  the  amount  of  eccentricity.  The  countersink 
is  again  started  and  the  groove  drilled  out.  If  the  circle  is  nut 
yet  concentric,  the  process  is  repeated. 

Lathe  Tools.  Tlie  cutting  tool."*  used  in  lathes  are  of  a  great 
variety  ot  shapes.  These  shapes  are  adapt^-d  U>  the  work  that  is 
to  he  done,  and  to  the  kind  of  finish  tliat  is  U)  he  left  upon  the 
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metiil.  There  are  two  fundamental  requirements  that  all  tools 
must  f  ultill :  The  ndting  edge  alone  tmist  touch  the  metal ;  the  edge 
jtntiff  he  keen,  A  typical  fonn  of  tool  is  shown  in  Fig.  118.  The 
cutting  edge  of  the  tool  at  A  is  in  contact  with  the  work.     The 

lK)ttom  line  A  li  runs 
back  from  the  nieUd  and 
does  not  touch  it.     The 

E "•gn^-f^^  1         *^P    f*^®    ^    ^'    slopes 

down  and.  back.     The 

G'  ^'^ J\  \^^^        ^/  line  A  D  is  a  tangent 

g/ jQ  at  the  cutting  point,  and 

pj^  11^  the  line  A  £  is  nidial 

at  the  same  point. 
Then^foi-e,  the  angle  DAE  is  always  a  right  angle  or  90°.  The 
angle  I)  A  W  is  called  the  angle  of  clearance^  and  should  Ik?! 
small;  in  lathe  tools,  not  over  10°.  The  angle  C  A  E  is  called 
the  angle  of  rake^  and  should  l)e  as  great  as  circumstances  will  per- 
mit; alxtut  :20°  on  latlie  tools  for  wrought  iron  and  steel,  leaving 
()0°  for  the  mJld  or  cutting  angle,  which  is  the  same  angle  as  is 
used  for  a  cold  chisel. 

Cleai-ance  jne vents  the  tool  from  rubbing  on  tlie  work,  while 
rake  adds  to  the  keenness  of  the  cutting  edge,  and  gives  freedom 
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to    tlu*    removal    of    the    chips.     A  tool    should    have   sufficient 
slreiigth  at  the  point  to  do  the  work  reipiired. 

Tin*  tool  sliouM  1m-  set  so  that  the  cutting  edge  will  l)e  very 
nearly  at  a  horizontal  line,  passint^  through  the  axis  of  the  work. 
Many  machinists  set  the  cultinL^'-  cdLfe  a  little  above  the  horizontiil 
line.  When  so  s»'t  tiie  stress  tends  to  force  the  tool  downi  alonjr 
the  line  of  its  j^reatest    stren<rlh.     The  t(M)l  may,  however,  l)e  set 
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too  high.  If  this  is  done,  as  in  Fig.  119,  the  angle  of  clearance 
will  disappear,  and  the  curve  of  the  work  will  rub  against  the 
bottom  of  the  tool.  This  will  tend  to  force  it  out ;  it  will  heat 
the  steel  and  produce  a  rough  surface  on  the  metal  l)eing  turned. 
If,  on  the  other  hand,  the  tool  is  set  too  low,  as  in  Fig.  120,  tlie 
cutting  edge  does  not  stand  in  line  with  the  motion  of  the  work 
at  tlie  point  of  contact. 
The  result  will  be  that  the 
metal  will  be  scraped  rather 
than  cut,  as  there  is  no 
rake,  and  the  pressure  upon 
the  tool  will  be  in  the  line 
of  its  lowest  power  of  re- 
sistance, as  indicated  by  the 
arrow.  Such  a  position 
might  cause  tlie  point  of  the  tool  to  break  off.  It  will  also  cause 
the  tool  to  tremble  or  chatter  as  it  removes  the  chips,  leaving  a 
rough  and  wavy  surface  on  the  metal. 

As  stated  above,  many  machinists  prefer  to  set  the  cutting  edge 
a  little  above  the  center ;  if  this  is  done,  Uie  rotation  of  the  work 


Fig.  121. 
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has  a  tendency  to  depress  the  point  of  the  tool  a  little,  bringing 
it,  while  cutting,  nescrly  to  the  center.  The  amount  Uie  tool  is 
set  above  the  center  is  slight,  and  of  course  depends  upon  the 
character  of  the  work.  The  angle  A  C  B,  Fig.  121,  should  be 
only  about  5  or  6  degrees. 


#  _ 
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Fig.  128. 


The  tool  is  usually  held  to  the  carriage  by  means  of  a  tool  post, 
shown  in  Fig.  122.  The  post  consists  of  a  piece  with  a  slotted 
hole  through  tlie  center  for  the  tool  B.  A  ring  C  slips  over  it 
and   rests   upon   the   body  of   tlie   carriage.     This  ring   may  be 

beveled  as  shown,  to  pro\ide 
vertical  adjustment  for  tlie 
point  of  the  tool.  The  post 
has  a  collar  D  at  its  lower 
end  that  goes  loosely  into  a 
slot  in  the  carriage.  At  the 
top  there  is  a  set  screw  £. 
When  the  tool  has  been  pro- 
perly adjusted  by  turning  the 
ring  C  to  give  it  the  correct 
elevation,  the  set  screw  is 
tightened  down  upon  the  top  of  Uie  tooL  This  raises  the  tool 
post  to  a  bearing  on  the  under 
side  of  the  slot,  and  clamps 
the  whole  carriage  linuly  in 
position. 

In  setting  the  tool,  it  should 
be  done  with  the  cutting  edge 
as  far  buck  towards  the  support- 
ing ring  iLS  possible.  If  it  has 
too  much  overhang,  as  shown 
by  the  dotted  lines  of  Fig.  122, 
M  will  spring  under  tlie  pi-es- 
sure  of  the  work  and  chatter. 

While  tliis  form  of  tool  [>ost 
is  used  moi-e  than  any  other, 
tliore  are  certain  ohjections  to  it. 
In  tlie  first  place,  changing  the 
ht'iirht  of  tilt*  tool  j)oint  also  chanfres  the  angles  of  rake  and 
clt'iiraiK'c.  These  are  supposed  to  he  correct  when  the  base  of 
tlie  tool  is  horizontal.  Any  change  from  this  position  will  alter 
tliese  angles  materially.  Again,  this  post  is  not  rigid  enough 
for  heavy  work.  On  lathes  of  over  thirty  inches  swing  the 
style   of    tool-holder    shown     in     Fig.    123    is    often    emploved. 


Fig.  124. 
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English  manufacturers  use  it  almost  exclusively  on  all  sizes. 
There  is  no  provision  for  raising  and  lowering  tlie  point  of  tlie 
tool ;  and  while  this  is  not  of  serious  importance  on  large  luthes, 
30-inch  and  over,  it  becomes  a  matter  of  moment  when  turning 
such  work  as  is  usually  handled  in  lathes  of  14-iDch  and  16-inch 
swing. 

The  form  shown  iu  Fig.  124  has  two  beveled  rings  to  adjust 
the  height  of  the  tool. 

The  Li[)e  tool  post,  shown  in  Fig.  125,  combines  the  good 
points  of  all  the  other  forms ;  tliu  tool  can  be  lield  by  one  or  two 


screws  as  the  character  of  the  work  may  require,  and  the  tool  may 
be  wljusted  vertically  and  horizontiiliy  after  Ix-ing  clamped  down. 
The  construction  and  operation  of  this  Um>\  post  are  so  evident 
from  tlie  illustration,  tliat  further  description  will  not  be  given. 
An  entirely  different  methwl  of  adjusting  the  tiKil  point  is  liy 
means  cf  what  is  called  the  elevating  or  rise-and-fiill  rest  shown 
in  Fig.  126.  In  Oiis  type  there  is  a  T-shaped  ca.sting  earned  on 
the  upper  part  of  the  carriage,  supported  by  trunnion  screws  at 
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the  front,  and  by  an  adjusting  screw  at  the  rear.  With  this  is 
used  a  tool  post  as  shown  in  Fig.  122  with  a  plain  ring.  The 
elevating  rest  is  used  quite  extensively  on  small  latlies,  but  the 
convenience  of  adjustment  is  gained  by  a  loss  in  rigidity.  The 
cross  mil  is  light,  and  the  elevating  portion,  being  supi^rted  at 
three  widely  separated  points,  lacks  stiffness.  As  the  effective 
swing  over  the  carriage  is  limited  by  the  height  of  the  cross  rail 
and  the  \yavtH  carried  above  it,  they  are  made  light  —  too  light  in 
many  cases. 


Fig.  126. 

Turning  Tools.  The  side  or  facing  tool,  Fig.  127,  is  the  most 
coininun  form  of  lathe  tool.  It  is  used  for  squaring  up  the  ends 
of  shafts,  facing  sliouldci's,  and  similjir  work.  While  the  onli- 
nary  forms  will  not  remove  a  large  amount  of  metid,  they  can. 


Fig.  127. 


Fig.  128. 


wluMi  made  (hick  and  heavy,  Ik3  used  for  roughing  cuts  on  tiie 
siirfacc  of  cylindrical  work.  The  common  form  is  made  slender 
in  orcU^r  to  work  between  tlu^  dead  ccnt^^r  and  the  work  in  squar- 
ing up  ends. 

A  (M)mmon  form  of  tool  for  turning  wrought  iron  and  steel  is 
the  diamond  point  shown  in  V'\*j;.  1  "JS.  The  name  is  derive<l  from 
the  shape  of  the  top  face.     This  tool  has  both  front  and  side  nike 
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which  allows  a  keen  edge  without  reducing  the  strength.  It  is 
used  for  finishing  only  when  the  point  is  ground  slightly  round 
ing  and  a  fine  feed  is  used.  In  finishing,  but  little  metal  should 
be  removed.  The  Feed  of  a  tool  is  the  amount  of  longitudinal 
advance  at  each  revolution  of  the  work.  For  roughing  out  cast 
iron,  a  strong  and  rapid  working  tool  is  a  round  nose  witli  con- 
siderable side  rake.  For  finishing  wrought  iron  and  steel,  a 
modification  of  the  diamond  point,  as  shown  in  Fig.  129,  is  often 


Fig.  129.  Fig.   130. 

used.  For  cast  iron,  a  square-nosed  tool,  Fig.  130,  should  be 
used.  It  must  be  carefully  ground  and  accuititely  set,  otherwise 
it  is  very  likely  to  gouge  into  the  softer  parts  of  the  metal. 
When  finishing  wrought  iron  and  steel,  the  tool  should  Ije  liber- 
ally supplied  with  oil  or  soda  water.  Cast  iron  must  always  be 
worked  dry,  both  in  roughing  and  finishing. 

The  cutting-o£f  or  parting  tool  is  illustrated  in  Fig.  131. 
The  blade  is  quite  narrow ;  as  narrow,  in  fact,  as  the  character  of 
the  work  will  allow.  This  is  necessary  in  order  that  the  stock 
may  not  be  wasted.     As  the  blade  must  be  narrower  at  the  shank 
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Fig.  181.  Fig.  132. 

and  at  the  bottom  than  it  is  at  the  cutting  edge,  it  follows  that 
the  tool  is  weak.  It  must  be  set  hoiizontally  so  that,  as  the  tool 
is  fed  to  the  work,  the  cutting  edge  only  will  touch  the  metal. 
It  must  also  he  set  so  that  the  cutting  edge  will  pass  through  the 
axis  of  the  work  as  it  is  fed  to  the  center.  If  set  too  hi^li,  it  will 
cease  to  cut  before  the  center  ^of  the  work  is  reached,  while  if  too 
low,  the  tool  has  a  poor  scraping  action,  and  will  leave  a  [jortion  of 
the  work  uncut.     On  work  held  l)etween  centers,  one  should  not 


97 


86  MACHINE   SHOP  WORBL 


attempt  to  cut  to  tlie  center  of  the  piece,  as  the  work  will  surely 
ride  up  onto  the  tool. 

Boring  Tools.  When  a  hole  is  to  be  bored  in  a  lathe,  tools  of 
a  different  sha|)e  from  tliose  used  in  turning  must  be  used.  The 
genend  form  of  the  tool  is  shown  in  Fig.  132.  The  length  of  the 
shank  at  A  deixjnds  on  the  depth  of  the  hole  to  be  bored,  for  it 
must  be  long  enough  to  reach  from  tlie  tool  post  to  the  bottom  of 
the  hole.  This  overhang  makes  the  tool  more  likely  to  spring, 
and  necessitates  a  much  lighter  cut  Uiau  can  be  taken  when 
ivmoving  the  same  amount  of  metid  by  outside  turning  tools. 
The  ivsult  of  this  lighter  cut  is  seen  in  the  increase  of  time 
ivquii-ed  to  i*emove  a  given  amount  of  stock.  The  shape  of  tlie 
cutting  edge  is  pr«Ktically  the  same  as  that  of  the  tools  for  turn- 
ing, excc[)t  that  the  Ijoring  tool  must  liave  more  clearance  to  avoid 
striking  the  work.  Theivfore,  witli  tlie  same  solid  angle,  the  tool 
will  have  less  nike.     The  reason  for  this  will  be  seen  by  compar- 


Fig.  134. 

ing  Figs.  118  and  133.  In  Fig.  118  it  will  be  seen  that  the  sur- 
face of  the  work  is  outside  a  tangent  at  the  cutting  point,  and  can 
never  interfile  with  the  bottom  of  tlie  tool.  In  Fig.  133  the 
work  surface  is  inside  the  tiingent ;  and,  unless  the  tool  has  a  large 
amount  of  cl(Mii*;iiice,  it  will  cause  trouble  by  striking  the  concave 
surface. 

Tools  foi  hiiiss  differ  from  those  used  on  steel  and  iron  in 
that  they  have  no  rake.  A  tool  suit^^l  for  brass  is  shown  in  Fig. 
134.  Bniss  is  a  very  brittle  metal,  and  tlie  chips  break  off  as  soon 
as  starttMl  from  the  main  body.  When  tuniing  wrought  iron  and 
steel,  on  the  other  hand,  the  met;il  does  not  break,  but  forms  long 
si>ind  cliiiKS  if  tlu^  tool  is  in  good  condition.  If  a  tool  with  rake 
is  us(mI  in  turning  brass,  the  work  will  not  only  be  rough  in 
appearance,  but  there  is  givat  danger  of  the  tool  gouging  into  the 
stock  and  spoiling  the  work  or  tool,  possibly  both.     The  finishing 
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tools  for  brass  may  be  square  or  round  nosed,  without  rake ;  in 
fact,  a  small  amount  of  negative  rake  will  produce  a  much  better 
surface.  When  the  brass  contains  a  large  percentage  of  copper, 
some  rake  may  be  required  owing  to  the  ductility  and  toughness 
of  the  metal. 

Fig.  135  shows  common  forms  of  lathe  tools. 

The  shape  of  the  tool  has  a  very  impoiiant  influence  on  the 
amount  of  work  it  can  be  made  to  do.     As  has  already  been  ex- 
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A 

l«ft-band  Side. 

E 

Left-hand  Diamond  Point. 

1 

Threading. 

B 

Hight-haiid  Side. 

F 

Uound  Nose. 

J 

IJent  Threading. 

C 

Kiglit-liaiul  Bent. 

G 

Gutting  off. 

K 

Itoring. 

D 

Kight-hana  Diamond  Puiiit. 

H 

Roughing. 

L 

Inside  Threading. 

Fig.  136. 

plained,  these  shapes  vary  \vith  the  different  metals  that  are  l)eing 
Worked,  and  also  with  the  class  of  work  j)erf()riiied.  It  is  highly 
important  that  the  cutting  angles  be  correctly  formed.  While 
hand  grinding  on  the  emery  wheel  and  grindstone  is  fairly  satis- 
factory, the  best  results  can  only  be  attained  by  the  use  of  a  recf- 
ular  tool-gnnding  machine,  shown    in   Fig.  136.      In  addition, 
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vyj»  i'.»;  ill!*:  iiuiHuiiir  fiiitniid  W  c^iTefErx 'iiiicfiaad  an  a  £iie  i4l 

•jL»*r  KLreurTii.    G  *»ij*:  ^fcUtt^-     Til*-  till  HILT  •.•:  hk-^  i^iDC'ved  in  » 

uifci:*:  b  V  -rrv  •:  r^^iijiiui/*-  .c  hj*-  linit'  "siik:  n  gdTr-eij  jftK-se  <»f  work 
vill  r^f-j'uLj*-  -i-it**?»'  lL  '.•:  lii*-  bTiK^T*-  tienteut*'  itre  tu-'Vii.  For 
ajijcf.'xizutvr  -t^iuJiiU^^  Tilt-  szie^idf.  lif  irrmig  vxis  euit  Ite  taker 

Ji  ->-   .  frc»iL  :  ^-  V!'  r'-  feirt  j^er  nusaiie. 

It.  •  -ra— .  ire  a:  •!•• '  v>  Z  • »-  •  f««  jtrr  Tuiriule. 

S'i];«  »^  ..  Av:- -u^'t-i  <Liji  ^"  frri  -r'lig  JiThl  4  iixbes  in  diameter 
iff  v»  r*r  ;::*:-• -L  I^ri  iLr  liiiirr  lie  C2i}»«]»:e  of  ^iarnring  a  feetl  i»f  ^ 
ijj'  h  jf-r  Tvv-  '.u::  Cu.  Tii*^  ^lL2lfl  Lit>  a  circ-umfeivnce  erf  4  x  o.l41t>  = 
l-..»'*4  i.j.  :Jt-^.     T-  g-Ivr  iLr  :-*••!  a  cuuang  sfeed  of  25  feet  per 

iuinuie.  tijc  >Laft  nJU^t  iiLike  C^^  .  ,  .^  =24  Cabout)  revolutions, 

1 2-o»»^-t  "^ 

jnvin;^  a  fre<i  vf  y\  x  24  =  ^  ii^v^h  iii  tliat  interval  of  rime.  At  j 
iii<:h  j>*rr  iiiinuu-,  :i  w:l:  utkr  « ♦.»  x  12  >  h-  '^  =  Jh5  minutes  to  take 
a  cut  tij«.'  wlj..]«r  Iviii:!';  «.!  il.r  >Lait,  The  amount  of  fet^  is  really 
ill'-  ^^ovrijiiij;:  ei'Jij-iit-  Tins  niav  lie  :is  much  as  i\  inch  jier  rev- 
olution, aij<l.  i'tv  liiji^iiiiiir  cuts,  niav  n'»t  Ije  more  than  ^i-  inch.  The 
<l«.'hth  of  iljr:  cut  ai>o  iiiriucuees  the  rime  required  to  finish  a  given 
])'u'j'i;.  This  may  vary  fr<»m  ^}.  -  to  i  inch.  All  depends  on  the 
Kha|A;  of  th<f  tool  and  tiic  strength  i»f  the  lathe. 

'l*h<;  cutting  sjic'.fds  given  aiM»ve  are  what  may  be  used  ^^^th 

the  UfHt  grades  of  tool  steel,  such  as  Jessop's,  but  by  using  lur- 

hanlcning  or  tungsten  steels,  die  speed   of    cutting  may  he  verj' 

rnurh  incn;as<;d  over  the  values  given  above.     Tliese  high-speed 

hU'mIh  are  rapidly  coming  into  favor,    more  especially  for  heavy 

roiKfhing    cut«.     Not  only  are  the  cutting  speeils  increiised,  but 

IH  made  hcavicjr  lx)th  in  depth  and  feed  up  to  the  point 

)  lathe  ivAimtH  to  carry  the    load.     The  ability  of   tliis 

nUtiil  to  Htiind  high  temperatures  without  injury  is  the 

tcb  enables  it  to  do  work  at  this  rate. 
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For  cooling  the  tool  while  performing  heavy  duty,  a  Rolution 
of  sal  soda  is  preferable  to  water,  as  it  prevents  rusting  of  the 
work  and  machinery.  The  lubricant  does  not  assist  in  the  sever- 
ing of  the  metal ;  even  with  a  most  liberal  supply,  it  is  doubtful 
if  any  ever  reaches  the  point  of  the  tool.     Its  office  is  simply  to 


FiR.  130. 


keep  tlie  tool  cool.     If  a  tool  becomes  overheated,  tlie  edge  begins 
to  turn  over  and  it  becomes  dull. 

Referring  to  Fig.  120,  it  will  be  seen  that  tlic  cbiii,  as  it  is 
being  removed,  presses  down  on  thb  top  face  of  tlie  tool.  Tliis 
pressure  increases  with  tiie  depth  of  cut  and  the  feed.  The  frie- 
tioD  would  soon  cause  a  high  tem^ieniture  in  the  tool  if  it  were 
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not  itlieveil  hy  the  lubricant.  The  lubricant  cools  the  tool  by 
alHturbiiig  n  iiortion  of  the  lieat,  and  lessens  the  amount  of  beat 
ilevt'lojied  by  reducing  the  friction  between  the  tool  and  tlie  chip. 
Clean,  [mrc  nutcr  is  the  only  lubricant  which  can  be  used  on  cast 
iron,  but  tlic  nipul  nisbng  which  follows  its  use  makes  it  unde- 
sii-able.  llniss  is  aUo  usually  turned  diy.  Prime  quality  lard 
oil  is  sonietiuies  ubcd  for  cooling  the  tool ;  but  the  greater  cost 
prevents  its  txt^ndcd  use,  unless  some  means  are  provided  to  col> 
lect,  separate,  and  hltei  it. 


Fig.  187. 

Turning.  The  first  iipcmliiin  usually  perfoniied  on  a  pece 
of  work  when  plawd  in  tlio  lathe  is  facing  or  squaring  up  tlie 
enils.  Tills  iiinat  Iw  dune  to  gi-t  a  uniform  bearing  for  the  cen- 
ters. The  iinistiiiLg  of  all  surfact'S  at  or  nearly  at  right  angles  to 
tlu!  axis  I'f  the  wmk  is  claused  as  facing,  and  tlie  side  tool  (Fig. 
127)  is  usually  cMipioy^'d.  Fitr  roughing  culs  the  cutting  face  of 
the  tool  is  pliR-od  at  ii  sliijht  angle  to  the  work  surface  in  order 
to  i-oiiiove  till!  nittal  (jnirkly;  but  for  finishing  cuts  it  is  placed 
noai-ly  fliit  agahist  tiio  wurk,  so  that  a  light  thin  chip  may  be 
tiikeii. 

Tuniiiii^  the  ryliiidrk-al  portions  ot  the  work  is  next  done  by 
the  use  of  thr  <iuiiiiii]id  jMiiiit  or  sintihir  tool.  Houghing  cuts  are 
taken  to  wiitiin  abcmt  -y'^  inch  of  the  hnished  size,  and  a  fine 
finishing  cnt  i-cilnccs  thi^  work  to  the  exact  diameter.  For  rough- 
ing cnt-s  common  calipi^i-s  should  he  employed,  while  for  finishing 
cuts,  the  niicnmu'tcr  ca]i[)<!r  is  nmst  suitiible.  All  measurements 
nr.ist  Imj  taken  with  the  lallie  at  ivst,  as  motion  of  the  work 
renders  close  calix>cring  impossible. 
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Tumins:  a  Taper.  It  frequently  happens  that  a  piece  must 
be  turned  tapering;  that  is,  one  end  is  to  have  a  greater  diameter 
than  tJie  other.  There  are  three  ways  of  accomplishing  this 
result:  setting  the  dead  center  over,  the  use  of  the  compound 
rest,  and  the  use  of  the  taper  attachment.  Setting  the  dead  cen- 
ter over  is  the  most  common  method.  Provision  is  generally 
made  for  moving  the  dead  center  Literally  towards  the  front  or 
rear  of  the  bed  according  to  the  taper  required.  With  the  dead 
center  set  over,  the  tool  will  be  at  unequal  distances  from  tlie  live 
and  dead  centers,  because  its  movement  is  parallel  to  the  axis  of 
the  lathe.  This  is  shown  in  Fig.  137.  The  piece  to  be  turned  is 
placed  upon  the  centers  A  and  B,  and  the  dead  center  is  moved 
from  the  axis  a  distance  equal 
to  Uie  difference  between  the 
radii  A  D  and  B  C.  Tliis  leaves 
the  side  D  C  parallel  to  the 
center  line  of  the  lathe;  hence 
the  tool  will  be  fed  along  tliis 
line.  The  objection  to  doing 
work  by  this  method  is  that  the 
lathe  centers   do  not  have  full 

bearings  at  the  ends  of  the  work,  and  the  center  holes  are  likely 
to  wear  out  of  their  true  iX)sitions. 

If  the  taper  is  to  be  turned  on  a  piece  hold  by  a  mandrel,  or 
if  the  taper  is  to  extend  but  a  part  of  the  total  length  of  the  work, 
the  amount  of  set-over  for  the  dead  center  must  be  calculated  in 
tlie  same  manner  as  though  the  taper  were  to  extend  the  whole 
length  of  the  mandrel  or  work.  In  other  woixls,  the  amount  of 
set-over  for  the  dead  center  is  determined  by  the  distixnce  between 
the  centers  and  the  rate  of  taper. 

For  example:  Supix)se  the  mandrel  in  Fig.  138  to  be  16 
inches  long,  and  the  piece  of  work  C  D  which  is  to  l>e  turned 
tapering,  is  4  inches  long;  suppose  also,  that  the  diameter  at  D 
is  to  be  I  inch  smaller  than  at  C.  Then  for  one  inch  of  length,  the 
difference  in  diameters  would  l)e  one-fourth  of  J  inch,  or  -^^  inch, 
and  for  a  length  of  16  inches  it  would  be  sixteen  times  -^^  inch,  or 
1  inch.  Since  the  set-over  is  equal  to  the  difference  of  the  i-adii, 
die  setrover  for  the  16  inches  would  be  one-half  of  1  inch,  or  i  inch. 
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This,  then,  would  be  the  set-over  for  the  work  under  considera- 
tion, and  for  any  piece  to  be  tapered  at  the  rate  of  i  inch  in  4 
inches  when  held  on  a  16-inch  mandrel. 


EXAMPLES  FOR  PRACTICE. 

1.  A  tapered  l)U8hing  3  inches  long  and  of  4  and  4i  inches 
outside  diameters  is  driven  on  a  12-inch  mandrel  for  turning. 
How  nmch  nnist  the  dead  center  be  set  out  of  line  in  order  to  do 
tlie  work?  Ans,  1  inch. 


Fig.  1S9. 

2.  A  connecting  rod  6  feet  long  is  to  be  turned  tapering 
from  the  center  to  the  neck  back  of  the  stub-ends.  This  distance 
is  2G  inches.  The  diameter  at  the  center  is  to  be  3  inches,  and 
at  the  neck  2J  inches.  How  much  offset  must  be  given  to  the 
dead  center?  Ans.  .i>9 2 -|- inches. 

8.  A  isluift  had  a  taper  2  feet  long  turned  on  one  end.  The 
lar^a*  end  of  the  taper  was  4  inches  in  diameter,  and  the  small  end 
was  8  inches  in  diameter.  The  dead  center  was  set  over  1  inch. 
How  ]()n^'  was  the  shaft?  Ans.  4  fe^t. 

The  nia(rliinist  generally  sets  over  the  dead  center  as  accu- 
rately as  jH)Ssil)le  and  fcikes  a  roughing  cut.  The  tiiper  is  then 
tested  l>y  a  careful  comparison  of  tlie  diameters  or  by  tiying  it  in 
a  tai^ered  hole  of  the  pro|x^r  angle,  and  the  center  set  more 
accurately.  Setting  over  the  dead  center  does  not  give  accurate 
results,  on  account  of  the  fact  that  the  centers  do  not  have  a  true 
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bearing  at  the  ends  of  the  work.  The  shorter  the  work,  compared 
wiUi  the  amount  of  set-over,  the  greater  the  inaccunicy. 

In  turning  a  taper  with  the  compound  rest,  ttie  work  may  be 
held  in  a  chuck,  on  the  faceplate,  or  between  tlie  centtiro.  The 
compound  rest,  Fig.  139,  is  then  set  at  such  an  angle  that  the 
direction  of  the  motion  of  the  tool  will  coincide  with  tlie  required 
taper.  Several  methods  are  employed  for  this  adjustment  of  tlie 
rest.  The  tool  is  then  fed  to  the  work  by  means  of  the  feed 
handle  attached  to  the  compound  rest. 

The  taper  attachment.  Fig.  140,  is  in  the  form  of  a  guide 
which  is  bolted  to  the  hack  of  the  lathe.  It  can  be  set  at  any 
desired  angle  with  the  axis  of  the  lathe,  the  limit  usually  being  a 
taper  of  about  three  inches  per  foot     The  guide  is  graduated  so 


Fig.  140. 


that  caloolations  based  on  the  length  of  the  work  are  unnecessary. 
A  slide  moving  with  the  guide  is  attached  to  the  cross-feed  of  the 
carriage.  The  cross-feed  is  loosened,  and,  while  the  carriiige  is 
moved  by  the  feeding  mechanism,  the  tool  is  moved  in  or  out 
according  to  the  direction  of  the  tjiper. 

One  of  the  most  important  points  to  be  observed  in  turning 
t^ts  is  to  have  the  cutting  point  of  the  tool  exactly  level  with 
the  centers.  If  thia  is  not  done,  the  work  will  not  be  truly 
eonical,  and,  fortbennore,  the  iat«  of  taper  will  vaiy  witli  each 
nujceeding  cob 
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In  case  an  internal  and  an  external  taper  are  to  be  turned  so 
as  to  form  a  fit,  tlie  intenial  taper  should,  if  the  character  of  the 
work  will  }>erniit,  l)e  made  Hrst.  After  this  has  been  done,  the 
external  tiiper  should  l)e  turned  and  tested  several  times  during 
till?  process.  The  cxtenial  ta{>er  is  first  turned  as  accumtely  as 
possible,  taking  caiv  that  tlie  piece  be  made  a  trifle  too  laige. 
Dr.iw  a  chalk  line  on  the  external  taper,  from  one  end  to  the 
other,  press  the  tHi)ers  together,  and  give  one  of  them  a  slight 
twist.  On  sc^Kimting  the  tapers,  the  rubbing  of  the  chalk  will 
show  where  the  work  was  in  contact,  and,  by  resetting  the  lathe 
and  repeating  the  process,  a  very  accurate  fit  can  be  obtained. 

Shafting  is  usually  turned  -j^^-  inch  less  than  the  nominal 
diameter.  For  instance,  instead  of  a  shaft  2  inches  in  diameter, 
one  of  1 J  jl  inches  in  diameter  is  used.  The  reason  is  tiiatiron  of  a 
nominal  dianicter  of  2  inches,  usually  ^^o  inch  over  size,  can  be  used. 
Before  turning  a  length  of  shafting,  tlie  rough  bar  should  be  care- 
fully straightened.  After  Uie  center  holes  liave  been  drilled  and 
the  [>icce  placed  in  the  lathe,  the  work  can  be  turned  and  the 
eccentric  portions  marked  with  chalk.  When  tliis  has  been  done, 
the  bar  should  I)e  removed  from  the  lathe  and  sprung  back  into 
true  aii^niiiicnt.  It  is  well  to  tiike  two  cuts  for  finishing  shafting, 
one  for  the  naighing  cut  and  one  veiy  fine  finishing  cuL  The 
to«»l  U)i'  the  latter  part  of  the  work  should  1^  kept  flooded  in  oil, 
oi*  a  solulicni  of  sal  scxla.  If  the  work  is  light,  a  tool-holder, 
carrying  both  the  roughing  and  the  finishing  tools,  should  be  used. 
This  makes  it  possii)lc  to  do  the  work  in  what  practically  amounts 
to  the  time  of  one  cut. 

As  a  length  of  shafting  is  likely  to  spring  under  the  pressure 
i»f  the  tool,  some  nieth4)d  of  preventing  such  action  must  be 
i-niployed.  A  stead v  rest  can  be  used.  It  is,  however,  incon- 
venient and  must  be  frecjuently  moved  or  it  will  stand  too  far,  at 
times,  from  tlu^  tools.  Furthermore,  as  the  rough  bar  will  neither 
be  truly  round  nor  concentric  with  the  centers,  it  is  necessary  to 
turn  ''sjjois"  for  the  center  ix*st.  Tiiis  ojieration  takes  considei^ 
able  time,  owing  to  the*  fact  that  very  light  cuts  must  be  taken  in 
order  to  avoi<l  springing  the  l»ar.  The  l)est  method  is  to  have  a 
ring  attjichcd  t^*  the  tool-holder;  the  intenial  diameter  of  this  ring 
is  that  of  tiie  tinished  shaft.     It  is  slipped  over  the  tail-6tock  cen- 
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ter  and  follows  the  finishing  tool.  It  must,  of  course,  be  rigidly 
&8tened  to  the  tool-holder.  In  this  way  the  shaft  is  supported 
close  to  the  tools;  the  ring  also  serves  as  a  guage  to  measure  the 
diameter  of  the  shaft.  If,  for  any  reason,  the  tools  turn  to  a 
larger  diameter  than  the  inside  of  the  ring,  notice  is  immediately 
served  upon  the  workmen  to  that  effect  by  the  binding  in  the 
ring. 

Ecceatric  Tumlni^.  Up  to  this  point,  the  work  described  for 
the  lathe  has  been  of  the  kind  in  which  the  turning  is  done  on 
work  concentric  with  the  lathe  centers.  There  are  other  classes 
of  work  that  are  offset  and  for  which  special  provisions  must  be 


Fig.  141. 

made.     Of  course  the  surface  being  turned  must  always  be  con- 
centric with  the  spindle. 

The  turning  of  crank  shafts  presents  conditions  where  there 
are  two  cylindrical  portions,  each  parallel  to  and  concentric  with 
the  lathe  axis  while  being  turned,  but  eccentric  with  regard  to 
each  other.  In  Fig.  141  such  a  shaft  is  shown.  This  may  be 
either  a  casting  or  a  forging.  If  cast,  it  is  common  to  have  a 
small  web,  shown  at  J,  in  the  original  casting  to  take  tlie  thrust 
of  the  centers  while  turning  the  shaft  portions  C  and  D.  After 
centering  the  work  at  A  and  B,  the  shaft  is  j)laced  in  tlie  lathe, 
and  the  ends  A  and  B  squared  up,  and  surfaces  C  and  D  ronj^lied 
out.  If  a  forging  is  being  worked,  it  will  be  neecessary  to  insert  a 
wooden  block  at  the  point  J.     Two  lugs  or  ears  K  are  provided 
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to  fit  tifrlitly  on  the  rough  tuTQed  shaft,  the  distaace  from  the 
wnter  u(  h  to  tLt>  ct-ritttr  M  being  equal  to  one-half  the  throw  of 
the  crauk.  These  lugs  are  attached  to  the  enda  of  the  shaft,  bo 
.  that  a  line  joining  tlie  centers  M  will  pass  through  the  axis  of 
the  crank  ])in  G.  Blocks  are  now  placed  between  the  lugs  and 
the  cnink  pin,  the  web  or  block  at  J  removed,  and  the  pin  turned 
on  the  new  centers  HH.  The  crank  pin 
G  ia  roughed  and  finished,  and  the  shoul- 
ders II  and  I  faced,  at  this  time.  Itemov- 
ing  the  lugs  and  blocks,  the  surfaces  C 
and  D  are  finished  and  the  shoulders  E 
and  F  faced  on  the  centers  A  and  B.  If 
the  shaft  is  of  any  considerable  veight,  it 
should  be  counter-balanced  by  attaching 
Ft;,'.  142.  weights  to  the  faceplate.    The  reason  for 

not  finishing  the  shaft  at  the  first  opera- 
tion, is  that  removing  the  scale  from  a  casting  or  the  outer  skiu 
from  a  forging  releases  internal  stresses  which  are  likely  to  change 
thu  BliajM  of  the  piece.  As  a  general  rule,  apiece  of  work  should 
bi>  (.■uinpk-tely  roughed  out,  if  ])Oseible,  beforeanj  finishing  cuts  are 
taken.  The  change  in  6lin|>u,  due  to  the  removal  of  tfae  outer  por- 
tion of  the  stock,  dui's  not  all  take  place  immediately;  and,  if  very 
accumtu  results  are  de3irei1,it  is  good  practice  to  allow  the  roughed 
work  to  stand  some  tiinu  U^fore  finishing. 


Turning  an  Eccentric.  Aa  far  as  its  use  in  mechanism  ia 
coiiwiiifil,  :iji  tfcfiilric  is  .the  equivalent  of  a  small  crank,  hut  it 
roi|uir(-s  very  ilitfci-cnt  trwitineiit  iji  the  lathe.  In  the  first  place, 
it  id  nut  usually  niaiie  sulid  uith  tite  shaft,  but  is  a  comparatively 
thill  wiatiiig  ur  foigiiii^  wliicli  is  fasteiifd  to  the  shaft  by  set 
screws  or  kuytt.     The  general  sliapo  is  shown  in  Fig,  142,  and 
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consists  of  the  eccentric  proper  and  a  boss  to  reinforce  the  shaft 
hole  ;  this  boss  usually  being  on  but  one  side  of  the  casting.  In 
Fig.  142,  A  is  the  center  of  the  ec^ientric  and  B  the  center  of  the 

shaft 

Small  eccentrics,  especially  those  having  a  throw  less  than  the 
diameter  of  the  shaft,  may  be  finished  in  the  following  manner : 
The  casting  is  grasped  in  an  indejiendent  chuck,  one  having  four 
jaws  being  preferred,  with  the  boss  or  hub  running  as  nearly  true 


Jig.  144. 

as  possible.  The  projecting  face  of  the  eccentric,  together  with 
the  outside  and  face  of  the  hub,  may  be  macliined,  and  the  hole 
can  be  trued  up  with  a  boring  tool  or  by  the  use  of  the  chuck  drill 
and  reamer.  In  either  case,  it  is  advisable  to  obtiiin  the  exact 
diameter  by  using  a  finishing  reamer.  The  eccentric  may  now  l)e 
placed  on  a  special  mandrel,  shown  in  Fig.  143,  which  has  an 
extra  set  of  center  holes.  A  line  connecting  these  lioles  is  paral- 
lel to  the  axis  of  tite  mandrel,  and  at  a  distance  from  it  cipial  to  one- 
half  the  throw  of  the  eccentric.  It  is  obvious  tliat  this  mandivl  is 
the  equivalent  of  the  shaft  and  lugs  used  in  turning  solid  cnmk 
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pins.  On  these  extni  ceiiteis  the  outside  of  the  eccentric  may  be 
tnnied,  and,  on  tlie  regular  centers,  the  back  or  plain  face  can 
ul»o  be  liniBhed.  Tliis  completes  the  eccentric  as  &r  as  the  lathe 
it)  cuiicerned. 

Large  and  heavy  eccentrics  are  preferably  finished  on  a  face- 
plate. Tlie  plain  side  or  back  Iiaving  been  previously  machined, 
the  eci'entnc  is  clam[>ed  to  the  faceplate  with  the  hub  running 
true,  shown  dotted  in  Fig.  144,  and  the  face  of  the  hub  and  the 


Fig.  146. 


hiile  are  rtiiiHh<.>d  as  in  the  case  of  the  small  eccentric  held  in  the 
cinick.  Tlie  diameter  of  the  hole  being  comparatively  large,  a 
reiimer  is  nut  geiieniUy  used.  The  eccentric  ia  now  moved  on  tlie 
fjii-ei'lati!  a  distance  equid  to  one-half  the  throw  of  tlie  eccentric, 
Iirii]gi[]|;  the  oiit*!r  surfiice  concentric  with  tlie  lathe  axis,  as  shown 
by  tlie  full  linen,  and  the  clamps  placed  so  as  to  allow  tlie  outside 
to  Ihj  tinned.  It  is  often  necessary  to  balance  the  work  by  coun- 
terweights, in  onler  to  liave  tlie  latlie  run  steadily.  Tlus  is  shown 
at  1)  in  Fig.  144. 


Boring.  The  boring  of  holes  sometimes  calls  for  a  lengtli 
tirid  strt-ii^'tii  oi  tool  thiit  vannnt  \n'.  n^iidily  attained  witli  tlie  ordi- 
naiy  Imriiig  tofil.  A  great  deal  of  such  Imring  is  done  with 
dnuhlc-hemled  tools.  These  tools  are  held  in  bars  and  cut  at 
each  end.     An  oHlinary  form  of  ijiich  a  tiH>l  is  shown  in  Fig.  146. 
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The  tool  A  is  turned  and  fitted  so  that  when  placed  in  the  Iwr  it 
is  central  with  the  centers  of  the  latter.  It  is  held  in  position  by 
the  key  B.,  It  cats  at  each  end.  Such  a  tool  may  be  made 
to  do  very  rapid  work.  It  is  extensively  used  for  boring  in 
places  where  a  piece  of  work  must  be  duplicated  a  great  number 
of  timea. 

Tools  of  this  character  are  used  for  finishing.  After  tlie  cut 
has  been  started  the  tool  should  not  be  stopjied  until  the  cut  hits 
been  completed.  If  it  is  stopped  there  will  be  a  ledge  in  tlie  bore 
at  tlint  point.  The  reason  for  this  is  due  to  the  springing  of  ttio 
metal  and  the  contraction  due  to  cooling  while  at  I'est.  Tlie  tools 
used  for  finishing  usually  have  a  broad  surface.     Those  used  for 


Fig.  147. 


the  roughing-cut  are  narrower  ;  they  wear  more  rajridly  than  the 
finishing  tools  and  are  usually  adjustable.  A  roughing  tool  may 
be  held  by  a  wedge  as  shown  at  B.  Such  a  tool  is  placed  in  [xisi- 
tion  and  the  wedge  tightened  just  enough  to  hold  it.  The  adjust- 
ment of  the  tool  is  then  obtained  by  ta[>ping  it  with  the  hammer. 
It  is  then  held  firmly  by  driving  tlie  wedge.  An  excellent  exam- 
ple of  this  style  of  work  is  found  in  the  boring  of  engine  cylin- 
ders. Special  machines  are  used  for  such  work.  The  greater 
portioii  of  it,  however,  is  done  in  an  ordinary  lathe  with  a  boring 
bar,  as  shown  in  Fig.  146.  It  consists  of  a  heavy  bar  A,  upon 
which  there  is  a  stiff  traveling  head  K.  The  latter  carries  the 
tool  C,  which  may  or  may  not  be  capable  of  a  transverse  adjust- 
meDt.     The  bead  moves  longitudinally  over  the  bar  and  is  held, 
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adjusted  and  fed  by  the  screw  D.  At  one  end  of  the  screw  there 
is  a  stiir  wheel,  E,  l)y  which  it  is  tunied.  As  the  bar  revolves, 
one  arm  strikes  agiiinst  a  stop  at  each  revolution.  This  turns  the 
scm^w  by  an  amount  proportional  to  the  number  of  arms  in  the 
star.  For  example,  if  there  are  six  arms  in  the  star,  the  latter 
will  Ix'.  turned  onissixth  of  a  revolution  for  each  revolution  of  the 
boring  bar.  As  the  sciHiw  turns,  it  moves  the  head  along  the  lisir 
l)y  an  amount  pntportional  to  the  pitch  of  its  tiiread  and  tlie  rays 
or  arms  in  the  star.  Tliis  forms  the  feed  of  the  tool.  For  exam- 
])le,  if  a  star  has  four  arms,  and  is  keyed  to  a  screw  of  eight 
threads  to  the  inch,  then  for  each  revoluticm  of  tlie  bar  tlie  Iiead 
will  be  advanced  r^K^  of  an  inch.  Another  form  of  boring  iKir  is 
shown  in  Fii:r.  147. 

IJoriiig  bars  with  fixed  tools  are  also  used.  In  such  cases  the 
work  is  caused  to  travel  beneatli  the  bar  as  it  is  turned.  A  case 
of  this  kind  occui-s  in  the  boring  out  of  brasses  for  railroad  cars. 

it  may  be  stilted  that,  in  general,  all  metal  work  should  be 
finished  in  the  ix^sition  which  it  is  eventually  to  occupy.     This  Is 


Fi^'.  148.  Fig.  140. 

duo  to  its  tendency  to  spring  out  of  shajie  under  tlie  influence  of 
its  own  wcMi^^lit.  For  small  articles  this  influence  is  inappreciable. 
For  large  pieces  it  is  sometimes  iiuite  apparent. 


5CREW   CUTTING. 

The  bM»ls  used  for  cuttinj:;  threads  are  called  arretr-c^itiwo 
fitnh,  Tliese  tools  are  used  in  tlie  lathe  in  the  same  manner  as 
tlie  diamond  point  and  i-()nnd-nosed  tools.  The  cutting  edge  of 
tin;  tool  must  1k'  of  tlie  same  sliaj»e  as  the  space  Ijetween  the  fin- 
ished threads. 

There  are  five  tyjies  of  screw  threads  commonly  used  in  this 
country :  the  V  thread,  shown  in  Fig.  148,  has  the  form  of  an 
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eqiiilateral  triangle  with  an  angle  of  60°.  It  is  shnrp  at  the  top 
and  bottom.  This  thread  is  difficult  to  cut  because  of  the  trouble 
experienced  in  keeping  the  point  of  the  tool  sharp. 

A  modified  form  of  V  thread,  known  as  the  Sellers,  the 
Franklin  Institute,  or  the  United  States  Standard,  is  shown  in 
Fig.  149.     Thb  thread  has  an  angle  of  60^,  witli  the  top  and  bot- 
tom flattened  for  one-eighth  of  its  depth. 
It  is  stronger  than  the  V-sliaped  thread, 
and  permits  greater  accuracy  in  cutting. 

Another  fonn  in  common  use  is 
the  square  tliread.  TliiB  is  shown  in 
Fig.  160.  The  thread  and  spnce  are 
of  the  same  width.  These  screws  are 
need  when  heavy  work  is  done,  such  as  in  jack-screws  anil  presses. 

Ilie  Whitworth  tliread  is  similar  to  the  United  States  Stand- 
aid  ;  the  slight  differences  are  as  follows  :  the  sides  form  an  angle 
of  55°  instead  of  60°,  and  the  top  and  bottom  are  rounded  instead 
of  flat 

The  fifth  tyj»e,  the  Acme  thread,  is  similar  to  the  square 
form.  The  difference  is  that  the  sides  inchne  14^°  from  those  of 
the  square  thread.     This  form  of  thread  is  much  used  for  lathe 
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Fig.  161.  Fig.  162. 


lead  screws  and  for  giving  motion  to  sliding  parts  of  fine  instm- 
ments,  because  the  thread  is  much  stronger  than  the  s(|Uiu-c  form, 
and  the  lost  motion  can  be  taken  up  by  simply  closing  the  nut 
halves  nearer  together. 

The  tool  used  for  cutting  square  threads  is  shown  in  Fig. 
151.  It  is  of  the  proper  tliickness  at  the  cutting  etlge,  but  is 
somewhat  narrower  back  of  this  point.  The  sides  of  the  tool  are 
inclined  to  the  body,  as  shown  at  A  B,  Fig.  151 ;  the  amount  of 
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tilis  inclination  varies  witti  the  pitch  of  the  thread  and  the  diam- 
eter of  tlie  piece  on  wliich  tlie  thread  is  to  be  cut  To  find  the 
inclination,  dniw  an  indefinite  straight  line  A  C  and  at  right 
anglt»s  to  it  draw  C  I).  Make  tlie  length  of  C  D  equal  to  the 
firt'unifei'onee  of  the  ttiread  to  be  cut,  measured  at  the  i-oot  of 
the  thread.  On  A  Clay  off  from  C  a  distance  (B  C)  equal  to 
the  piU'h ;  tlien  draw  h  I).  This  line  will  represent  tlie  an^le 
of  the  side  of  the  thread.  The  angle  of  the  side  of  tlie  cutting 
tonl  must  1h»  a  little  greater  for  clearance. 

For   cutting    ingidfi    threads, 
/P  \      tlie  shape  of  the  cutting  edge  of 

^  the  tool  should  be  tlie  'same  as  for 

cutting  an  outside  thread,  but  the 
tool  must  be  made  so  Uiat  the  cut- 
ting edge  alone  touches  the  work. 
This  is  accomplished  b)*^  liending 
the  tool  as  shown  in  Fig.  153  and  giving  it  considerable  clear- 
ance. 

Standard  Screw  Threads.  When  screw  threads  are  to  be 
cut,  the  jritch  used  depends  ui)on  the  outside  diameter  of  the  bar. 
A  standaixl  has  been  adopted  by  all  of  the  leading  technical 
societies  of  the  Unitc»d  SUites,  and  is  known  as  the  United  SUites 
Standanl.  The  table  (see  opposite  page)  gives  the  outside  di- 
ameter of  the  screw  from  i  inch  to  6  inches  in  diameter,  with 
the  number  of  threads  jht  incli  to  be  cut. 

In  phiciiiL^  the  tool  for  any  form  of  thread,  tlie  point  of  the 
tool  nuist  Ihj  (exactly  l(»vel  with  the  center,  and  a  line  at  right 
angles  U)  the  axis  of  the  lathe 
must  bisect  the  an;Lrle  of  the 
tool  point.  In  onhM'  that  these 
conditions  may  be  fultilled,  a 
tlirejul  or  cent<*r  L,^auL^e,  Fig.  ir>4, 
is  used.  In  this  tool,  the  an- 
gles, A,  r>,  and  ('  are  made  ex- 
actly <>0  .  The  two  opposite  sides  are  parallel.  The  angle  A  at 
the  en<l  is  nsed  for  «^rinding  the  tool.  The  sides  of  the  latter 
are  niadt*  to  touch  all  along  the  edge.  For  setting  the  tool,  the 
upjx;]    parallel  side  is  held  against  the  face  of   the  work   in  a 
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horizontal  position.  The  tool  is  then  set  so  that  its  sides  touch 
along  tlie  edges  of  the  notch  B.  The  angle  C  is  used  to  gauge 
the  thread  after  it  is  cut. 


UNITED  STATES  STANDARD  SCREW  THREADS. 


1)1  AMRTKK  OK 
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DlAMKTER 

NUMHKU  OF 

SrKKW 

Thrkadh 

OF 

Thrkaok 

IN    iNrilKH. 

PKR   IN<H. 

Screw. 

I'ER  Inch. 

A 

20 

18 

2 

2} 

•2I 

4.\ 
4\ 

Jl 

10 
14 

4 
4 

i 

13 

3 

^ 

1- 

12 
11 

8 

3 

3i 

t 

10 

8 

3 

{ 

9 

4 

3 

8 

4^ 

2j 

li 

7 

^i 

2i 

7 
6 

4} 
5 

25- 

2.V 

J 

6 

H 

2\ 

^ 

sj 

•^■^ 

1'  ■ 

5 

6J 

23 
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6 
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The  measurement  of  fine  thi-eads  is  a  difficult  matter  where 
an  ordinary  rule  is  used  and  the  threads  between  tlie  inch  nitirks 
are  counted.  For  this 
purpose  a  pitch  gauge, 
Fig.  155,  is  used.  The 
gauges  are  short  screw 
sections  on  thin  sheets  of 
metal.  To  ascertain  the 
pitch  of  any  thread,  set 
the  gauges  over  it  suc- 
cessively until  one  is 
found  that  exactly  fits. 
The    figures     stamped 

thereon  will  give  the  num-  Fig.  166. 

bar  of  threads  per  inch. 

The  cutting  of  a  thread  demands  that  there  shall  be  a  certain 
definite  ratio  of  motion  between  the  rotation  of  the  work  and  tlie 
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tnivel  of  the  carriage.  When  a  right-handed  screw  is  to  be  cut, 
the  carriage  tnivels  from  right  to  left  For  example,  if  a  screw 
having  a  pitch  of  i  inch,  or  witli  four  threads  to  the  inch,  as  it  is 
usually  expivssed,  is  to  be  cut,  the  spindle  must  make  four  revolu- 
tions while  the  carriage  is  moving  one  inch  along  tlie  bed.  If  the 
scit'w  is  to  have  eight  thi'eads  to  tlit^  inch,  the  spindle  must  make 
oiglit  ivv(»lutions  to  each  inch  of  motion  of  tlie  carriage  or  tool ;  if 
six  thivads,  then  six  i-evolutions  to  tlie  inch  of  motion,  etc. 

If,  tlu*n,  the  lead  screw  is  cut  with  four  threails  to  tlie  inch,  it 
is  evi^lciit  that  tlu-s  speed  of  rotation  of  the  spindle  and  of  the 
srivw  must  i>o  the  same,  in  order  to  cut  a  screw  of  four  threiids  to 
the  int'h.  For  each  iv volution  of  the  lead  screw,  the  carriage 
moves  the  <listanie  of  the  pitch  of  the  same  or  i  inch.  Hence, 
the  geai-s,  J  and  L,  Fig.  1)1,  must  have  the  same  number  of  teeth. 
When  a  scn»w  of  eight  threads  per  inch  is  to  be  cut,  the  spindle 
must  make  twice  as  many  i-evolutions  as  tlie  lead  screw.  Then, 
for  each  ivv(»lution  of  the  spindle,  the  lead  screw  makes  half  a 
ix^v(»lution  and  thus  moves  the  carriage  i  inch.  In  this  case,  the 
scRiw  gear  L  must  have  twice  as  many  teeth  as  the  spindle  gear 
J.  For  six  threads,  the  ratio  of  revolutions  Ijetween  spindle  and 
screw  is  li  to  1.  This  rt»quires  IJ  times  as  many  teeth  in  the 
sci*ew  gear  L  as  in  the  spindle  gear  J. 

The  rule  for  finding  the  geai-s  to  be  used  on  the  spindle  and 
\v'tu\  screw  is:  Multiply  the  numl)er  of  tlireads  on  the  lead  screw 
and  iIk*  number  of  threads  to  be  cut  by  tlie  same  number;  the 
l)ro(lncts  will  ctjual  the  numbers  of  teeth  on  the  gears  to  be 
used. 

Sup|)ose  the  lead  screw  has  four  threads  per  inch,  and  ten 
threads  per  inch  are  to  be  cut.  Multiply  both  numl)ers  by  any 
convenient  nuniher,  such  as  8.  Then  the  gears  should  have  12 
teeth  an<l  oO  teeth. 

Let  it  --  the  number  of  threads  i>er  inch  on  tlie  lead  screw, 
//  =  tlie  nuinher  of  threads  per  inch  to  be  cut, 
(J  =  a  convenient  number, 
a  c  =z  the  nuniher  of  te<»th  of  gear  on  spindle, 
h  f?  z=z  the  nunilK^r  of  teeth  of  ^rear  on  lead  screw. 

If  the  gciars  thus  found  are  not  at  hand,  multiply  by  some 
other  number,     llius,  suppose  geara  of  30  and  12  teeth  were  not 
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available,  multiply  4  and  10  by  4  or  by  5  or  any  other  number 
that  would  give  the  number  of  teeth  on  the  gears  at  hand. 

Another  way  to  find  the  gears  is  to  rememl^er  that  the  num- 
ber of  threads  to  be  cut  is  to  the  number  on  the  lead  screw  as 
the  numl)er  of  teeth  on  the  screw  gear  is  to  the  number  of  teeth 
OQ  the  spindle  gear. 

EXAMPLES  FOR   PRACTICE. 

(1)  The  lead  screw  has  a  pitch  of  i  inch.  What  is  the 
ratio  of  gears  to  be  used  to  cut  a  screw  with  9  threads  to  the 
inch?     If   one  gear  has  24  teeth,  how  many  should  the  other 

have?  .       (1:  2i 

Ans.  <  ^  ,  , 

( 54  teeth. 

(2)  The  lead  screw  has  a  pitch  of  i  inch.  What  is  the 
latio  of  gears  ta  be  used  to  cut  a  screw  with  16  threads  to  tlie 
inch  ?  Ans.  1 :  4. 

(8)  The  lead  screw  has  a  pitch  of  i  inch.  What  is  the 
ratio  of  gears  to  be  used  to  cut  a  screw  with  12  threads  to  the 
inch  ?  Ans.  1 :  4. 

In  these  cases  the  actual  number  of  teeth  on  the  gears  to  be 
used  is  obtained  b^  multiplying  tlie  ratio  by  some  common 
multiple.  Thus  in  example  1,  multiplying  by  10  gives  40  teeth 
for  the  spindle  gear  and  90  for  the  screw  gear.  In  example  2, 
multipljdng  by  20  gives  20  teeth  for  the  spindle  and  80  for  the 
screw  gear ;  and  the  same  result  is  obtained  by  using  the  same 
multiple  for  example  3. 

Every  screw-cutting  lathe  is  provided  with  a  set  of  gears 
from  which  selections  can  be  made.  In  order  to  facilitate  the 
choice  of  the  gears  to  be  used,  a  gear  table  is  usually  cast  in 
raised  letters  and  screwed  to  the  front  piece  of  the  hcadstock. 
This  table  shows  the  gears  to  be  used  for  cutting  such  threads  as 
may  be  enumerated  on  the  table. 

It  is  sometimes  necessary  to  cut  a  screw  for  which  there  are 
no  gears  to  make  a  direct  connection.  This  necessitates  the 
compounding  of  the  gears  on  the  intermediate  spindle  to  replace 
the  single  gear.  This  Ib  done  as  shown  in  Fig  156,  in  wnich  A 
represents  the  spindle  and  B  the  screw.     Suppose,  with  a  lead 
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Bcrew  having  three  threads  to  tlie  inch,  it  is  desired  to  cut  a  screw 
having  thirteen.  This  makes  the  ratio  of  teeth  on  the  sx)indle 
gear  to  those  on  tlie  screw  as  3  to  13.  Tlie  work  can  be  done 
witli  s[iindlc  gcare  liaving  15,  30,  or  45  teeth  with  screw  geiirs 
having  05,  l-)0,  and  lOn  teeth  respectively.  If  it  is  foiuid  that 
there  are  zio  gears  liaving  15,  45,  130,  or  195  t«eth  on  Iinnd,  com- 
pounding must  bo  ruiioiteil  to.     To  tli;temiine  Uie  gears  to  be 


Fig.  IW. 


Simple  Gear. 


used  it  must  lie  remenibeivd  that  the  product  of  the  numhcrturf 
tei'th  in  the  drirhiif  jvarg  must  he  to  the  product  of  t fie  numbert 
of  teeth  of  the  dn'ri-ti  i/ear)',  an  the  innnher  of  thrvadt  per  inch 
on  the  hmd  acreir  is  to  the  itiimhrr  to  be  cut.  In  this  case  it  is 
as  3  to  13.  Miilliplv  ciidi  of  these  tigiu'es  by  any  convenient 
multiple.  In  tlie  cxiniijik'  in  hiind,  let  tJie  multiple  be  200.  Then 
3  X  L'Od  _  ;ix2x2x2x5  \5 
13 "x  l-'fiO  ~  13  X  2  X  2  X  2  X  6x5' 
Select  from  the  factm-s  thus  obtained  two  sets,  each  of  whicli, 
when  multiplied  together,  will  give  products  equal  to  the  number 
of  teeth  tliat  are  on  hand. 
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Thua  in  the  numerator  we  may  take  3x2x5  and  2x2x5, 
giving  30  and  20  as  gears  that  are  to  be  used  as  the  spindle  and 
intermediHte    drivers   re- 
spectively. 

For  the  denominator 
take  13  X  5  and  2x3x5 
X  2  or  65  and  40,  for  the 
driven  gears  of  the  inter- 
mediate stud  and  the  screw 
respectively.  Placing  these 
in  position  as  in  Fig.  157, 
we  have, 

Gear  A  with  30  teeth. 
Gear  C  with  65  teeth. 
Gear  D  with  20  teeth. 
Gear  B  with  40  teeth. 
It  is  desired  to  cut  a 
screw  viith  11  threads   to 
the  inch  on  a  lathe  having 
a  lead  screw  with  a  pitch 
of  I    inch.     The    gears 
available  have  30,  40,  45,  50,  55,  60,  65,  70,  80,  90,  iiml  100  teeth 
respectively.     What  ones  are  to  \te  used  and  where  i" 

Spindle  40  teeth 

.  Intemiediate  driven    55  teeth 

Intermediate  driver    50  teeth 
Screw  100  teeth. 

Many  screw-cutting  lathes  are  not  made  with  an  extension  of 
the  spindle  to  receive  the  first  gear,  hut  a  short  shaft  or  stud  pro- 
jects from  the  headstock  for  this  puiixjse.  This  stud  is  geared  to 
the  spindle,  and  the  ratio  of  this  gearing  must  be  considered  when 
calculating  the  gears  for  screw-cutting.  For  example,  suppose  we 
wish  to  cut  twelve  threads  per  inch  in  a  lathe  having  a  leiid  screw 
witli  eight  threads  per  inch  and  a  ratio  of  two  to  one  between  the 
spindle  and  the  stud.  In  other  words,  the  stud  runs  half  as  fiist 
as  the  spindle.  As  we  have  seen  in  tlie  previous  examples,  the 
tatio  between  the  spindle  and  tlie  lead  screw  must  be  12  to  8 


Fig.   157. 
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The  first  gear  is  not  attached  to  the  spindle^  but  to  the  stud, 
whioh  makes  six  revolutions  to  twelve  of  the  spiudle.  Therefoi'e, 
the  nitio  between  the  stud  and  tlie  lead  screw,  where  the  gears 
art»  actually  applied,  must  Iw  6  to  8.  Multiplying  by  6  will  give 
30  and  48  as  the  numlter  of  teeth  in  two  gears  which  may  be 
used. 

In  iJ^Mienil,  the  data  that  must  be  given  to  calculate  the 
i'hantrt'  gt'jii's  for  si-rew-eutting  are  the  number  of  threads  per  inch 
t(»  ]h^  cut  on  the  work,  the  numl)er  of  thre<ads  per  inch  on  the 
lca<l  scivw,  and  the  speed  ratio  l)etween  the  spindle  and  the  stud, 
if  a  stud  is  usihI. 

'I'he  f( allowing  examples  may  be  taken  as  applying  to  either 
right-  or  left-hand  threads.  The  change  of  direction  in  the  travel 
of  tlic  carriage  is  ohUuned  by  intrixlueing  an  extra  gear  into  the 
train,  thus  n* versing  the  rotation  of  tlie  leml  screw. 

The  following  desc*rij»tion  of  the  metliod  of  cutting  a  **  V*' 
thiva<l  will  suilicc  to  illustrate  the  cutting  of  any  form,  with  the 
slight  changes  which  are  necessary  in  the  other  forms  due  to  the 
shajH?  j)f  the  tool  emj)loyed. 

I'o  cut  an  onlinarv  V  thread,  a  V-pointed  tool  having  an 
angle  of  00%  and  set  so  that  a  line  at  right  angles  to  tlie  lathe 
axis  liiseets  the  tool  angle,  and  also  set  exactly  at  the  height  of 
the  center,  is  caused  to  move  at  a  constiuit  rate  parallel  to  the 
work  siufjice,  while  the  work  is  InMug  uniforndy  rotated. 

The  n*l;ition  heiween  the  rot-jirv  motion  of  the  work  and  the 
later.il  movement  of  the  tool,  <h»termines  the  pitch  of  the  thread 
iK'Ing  cut,  and  the  mechanism  cimnecting  the  work  and  the  tool 
must  1h»  of  ;i  positive  character;  thus  eliminating  transmission  hy 
l>clts  and  ntlier  frietional  devices. 

Owing  to  the  lost  motion  or  '* ha<-k  lash"  in  the  mechanism 
connect in«^  the  tool  and  the  work,  the  tool  caiuiot  l)e  returned  to 
tlie  startinL^  point  for  a  new  and  decj>er  cut  by  simply  revei'sing 
tlie  lilt  lie.  Tlie  tool  must  he  witlnlniwn,  th.e  lathe  reversed,  the 
tool  returned  to  the  startinir  point,  and  then  advanced  for  the  new 
cnt.  To  [)l;ie<*  tht!  tool  for  the  new  cut  with  accurjicy,  a  stop  or 
gnidiiated  device  is  proviricd. 

If  removed  from  tlie  lathe  for  t<»sting,  care  should  l)0  tiiken 
in  re]>lacing  the  work   t(»  ^^el   the  tiiil  af  the  dog  in  ttie  same  slot 
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in  the  face  plate  that  was  used  to  cut  the  original  thread ;  this 
can  be  done  by  marking  or  otherwise  indicating  ic 

CbasinK.  The  ordinary  methods  of  cutting  screws  have 
already  been  described.  Where  great  accuracy  is  not  necessaiy, 
the  threads  may  he  chased  hy 
band.  A  chaser,  or  chasing  tool, 
differs  from  the  ordinary 
thread-cutting  tool,  in  that  it 
has  a  number  of  cutting  points 
instead  of  but  one.  When  a 
chaser  is  operated  by  a  power 
feed,  it  is  customary  to  have  a 
shaft  revolving  at  the  same  rate 
or  at  an  even  multiple  of  the 
rate  of  the  latlie  spindle.  This 
shaft  cai'rics  a  master  tliread 
into  whicli  a  section  of  a  nut 
drops.  The  handle  connected 
with  the  nut  carries  the  chas-  y;    j-g 

ing  tool.     When  tlie  nut  is  in 
contact,  the  tool  is  cutting.     At  the  end  of  the  cut,  tlic  tool  is 


lifted  out,  and  with  it  tlie  nut  disengages  with  tli< 
Hand-chasiiig 


tliread. 


:|Uires  a 
great  deal  of  skill  in  uiiler  that 
a  good  piece  of  work  iiuiy  Ijc 
(lone.  Tlie  chushig  twA  has  a 
nunilwr  of  points  as  shown  in 
Fig.  158.  Tlie  work  must  be 
run  rapidly  in  the  latiie.  Tlie 
tool  is  held  in  both  bands,  and 
is  supported  on  a  n>st  similar  to 
that  shown  for  the  hand-turning 
tools  in  Fig.  80.  The  fii-st  left- 
hand  tooth  of  the  chiiser  is 
brought  lightly  against  tlie  right- 
hand  edge  of  the  work.  The  handle  is  given  a  quick  twist  hum 
left  to  right  throwing  tJie  teetli  in  the  opjyisite  direction.  It  is 
well    after   the    first   twist,   to'  sfai]>  the  latlic   and  examine  tJie 
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work.  If  llii'  iijKiriitioii  lias  been  properly  perfoniiod.  the  sec- 
u>»l  fcintli  will  Ite  toHiid  t<i  Imve  entered  tlie  gMiive  made  Iw 
tlie  tiixt.  A  sbin-t  leiigtli  of  Uiread  will  have  l»eeu  cut,  the  nttch 
l>Giii^  till'  siiiii''  as  tliiit  iiC  tl)e  chaser.  If  this  is  enrreet,  the  ladle 
iiuiy  a^.iiii  1h-  staited  and  the  chaxer  applied  as  before.  On  Uie 
s(><-<.iid  tiial  tb<-  thivad  in-.iy  lie  run  tii  its  full  length.  The  finish' 
inj;  nf  ihi-  thivad  is  dniH-  by  merely  rei>eatinfj  the  ojienition.  A 
liiu'  int  is  taki'ii  with  cai'li  applieation  of  the  ehaser  for  the  whole 
length  «f  the  tbrt'iid  until  the  fall  deptli  )i:is  been  cut  In  douig 
this  work,  tlie  n-ar  or  right-hand  side  <if  the  chaser  should  be 
pivssi-d  niiiii'  lirnily  against  the  piece  being  cut  than  the  fmiit, 
because  the  threads  witli  which  that  pin-ti<ai  of 

,■'"'-_ •':''■•       the  tiinl  is  engaged  are  nioi'e  deeply  cut  than  at 

I  I       the  fnait.     In  addition  to  cutting,  these  tt'Oth 

also  guide  the  fnuiL  I'he  reason  for  running 
the  lathe  at  a  high  rate  of  s{)eed,  is  that  tlie 
iiiovena'iit  of  the  ehaser  is  less  likely  to  l<e 
cliecked  nr  thrown  a.side  by  senniu  or  inei|iniU- 
ties  iu  the  density  of  the  inebd  than  it.  would 
Ik'  if  the  hillio  were  to  run  slowly.  Insiile 
threading  may  l>e  done  by  means  of  tlie  inside 
chaser  shown  iu  Fig.  15!>. 

Dritllns  in  the  Lathe.    The  lathe  can  also 
1«  used  fur  drilling.     When  such  work  is  to 
be  dim.',  the  drill  may  Ik-  held  iii  the  spindle 
II  and    tilt;  wurk    fori'ed    up   against   it    by  the 

s<n-w  ..f  tbf  tail  Ntm-k:  or  the  work  nwy  Iw 
mi  ih;Mliill  fi.n-.tl  in  by  the  tail-stwk  screw.  When 
,-\\m>.1  is  fi.ll..wed  the  drill  may  l>e  put  into  a  socket 
.  t!u-  spin.ll"  .if  the  lathe,  or  the  drill  may  tie 
ii.k  as  shi)wu  in  Fig.  lliO.  This  chuck  may  \ie 
iiM'.i  ii>  ihc  (ail-sinck  to  hold  twist  diills.  or  to  Ixild  flat  drills 
which  aiv  f>irgc.l  fr.iia  ronti.1  st.H-k.  Flat  drills  made  from  flat 
•ii.H'k  all'  ii-iiic-n-d  at  the  ivar  end  and  hclil  against.,  and  fe<l  for- 
WiU-.l  iiy.  Ih.'  .I.'a.l  c.-ntfr.  In  this  case,  a  sh>tt4'<l  rest  held  in  the 
(.ml  |..is(.  J  ivv.Tils  the  drill  from  turning  {see  Fig.  00)  and  ai<ls  in 
staniii-  ih.-  drill  triic. 

Wh.-ii  the  .bill   is  h.-ld  in  the  bead  stock,  the  work   inuy  De 


n-\.,h. 
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fastened  to  the  carriage  and  fed  against  the  drilU  or  it  may  be  held 
by  means'  of  a  suitable  device  held  in  the  tail  stock.  For  this 
purpose  the  drill  pad,  shown  in  Fig.  I6I9  may  be  used,  and  es- 
l)eeially  if  the  work  be  flat     The  V  center,  shown  in  Fig.  162,  is 


Fig.  161. 


used  when  it  is  desired  to  drill  through  the  axis  of  a  piece  of 
round  stock.  The  shape  of  the  groove  prevents  the  work  from 
tnniing  and  the  angle  being  always  in  the  axis  of  the  latlie  deter- 
mines accurately  the  location  of  the  hole. 


> 


Fig.  162. 


THE   DRILL  PRESS. 

This  tool  is  made  in  a  great  variety  of  forms,  according  to 
the  class  of  work  it  is  intended  to  perform.  The  form  illustrated 
in  Fig.  163  is  one  of  the  standard  makes.  The  mechanism  is 
Very  simple  and  will  be  briefly  explained. 

The  frame  consists  of  a  strong  column  A,  securely  bolted  to 
^  heavy  base-plate  B.  Power  is  delivered  to  the  machine  by 
Xneans  of  a  belt  running  over  tlie  cone  pulley  C.  The  shaft  upon 
"^hich  this  cone  pulley  turns,  runs  through  the  casing  I),  where, 
fcy  means  of  miter  gearing,  it  drives  the  vertical  drill  spindle  E. 
It  will  be  seen  that  there  are  four  steps  on  the  cone  pulley  C,  thus 
siffording  a  means  for  securing  as  many  rates  of  revolution  of  the 
^rill  spindle.     This,  however,  is  not  sufficient   to   meet  all   tlie 
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requirements  of  the  work  that  can  be  done  with  the  tool.  In 
order  to  increase  the  range  of  available  speeds,  a  ha^ik  gear  is  used. 
This  is  shown  at  F.  It  consists  of  a  gear  and  pinion  keyed  to 
the  same  shaft.  The  cone  pulley  C  is  loose  on  the  horizontal 
shaft,  but  may  be  fastened  to  it  by  a  clutch  operated  by  the  lever 
G.  The  inner  end  of  the  cone  pulley  carries  a  pinion  that  meshes 
with  the  gear  F,  while  tlie  pinion  attached  to  F  meshes  with  the 
gear  H  that  is  keyed  to  the  horizontal  shaft.  The  gear  F  and  its 
pinion  run  loosely  on  a  journal  that  is,  in  turn,  attached  to  an 
eccentric  bearing.  By  turning  the  handle  J,  which  is  attt^ched  to 
the  eccentric  bearing,  the  gears  may  be  thrown  in  or  out  of  mesh. 
While  the  gears  are  in  mesh,  the  power  passes  from  the  cone 
pulley  to  the  pinion  attached  to  it,  to  the  gear  F,  to  its  pinion, 
and  thence  to  the  gear  H,  and  tlius  turns  the  shaft.  Under  these 
circumstances  the  shaft  is  turning  much  slower  than  the  cone 
pulley. 

The  feed,  or  downward  motion  of  the  drill  spindle  may  be 
accomplished  by  hand  or  by  power.  At  the  upper  end  of  the 
drill  spindle  a  rack  is  cut,  into  which  a  pinion  on  the  same  shaft 
as  the  worm  wheel  I  meshes.  It  is  evident  that,  as  this  wheel 
revolves,  the  spindle  will  be  raised  or  lowered. 

The  weight  of  the  spindle  is  counterbalanced  by  the  weight 
X.  The  worm  wheel  I  is  turned  by  the  worm  K,  which  is 
rotated  by  .the  hand  wheel  L.  This  serves  for  a  hand  feed.  For 
a  power  feed,  a  belt  is  made  to  drive  the  cone  wheel  M.  This 
turns  the  bevel  pinion  N,  meshuig  with  the  l)evel  gear  O,  that  is 
loose  on  the  feed  shaft.  It  is  fastened  to  the  Litter  by  means  of 
a  small  dutch  P.  A  quick  return  of  the  spindle  is  accomplished 
by  mea*is  of  the  handle  Q.  This  is  attached  to  the  spindle  by 
means  xit  a  yoke  R.  When  the  quick  return  is  to  be  used,  the 
Dvorm  K  is  thrown  out  of  mesh  witli  its  wheel  by  turning  the 
handle  S. 

The  table  T  may  be  raised  or  lowered  by  means  of  the  handle 
U;  this  drives  a  screw  in  the  standard  ruiuiing  in  a  nut  fastened 
to  the  bracket  V.  When  the  tjible  has  been  adjusted,  it  may  be 
fastened  by  the  nuts  and  bolts  W  clamping  it  to  the  stiindanl  A. 
When  large  work  is  to  l)e  drilled,  the  table  may  be  swung  out  of 
the  way  and  tbe  work  bolted  to  the  base  plate  B. 
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While  the  drill  press  just  described  may  be  taken  as  rep- 
resenting good  practice  in  the  smaller  sizes,  a  different  form 
of  construction  is  often  employed  in  laiger  tools.  A  drill  press 
of  this  class  is  shown  in  Fig.  164.  Drilling  machinery  is  made 
both  horizontal  and  vertical,  A  typical  form  of  the  horizontal 
variety  is  shown  in  Fig.  165.  These  tools  are  usually  of  heavier 
construction  and  for  a  lai^r  class  of  work  than  the  ordinary 
vertical  drill. 

Drilling  machinery,  both  horizontal  and  vertical,  is  some- 
tMBftS  provided  with  more  than  one  spindle.  In  small  vertical 
dliBa  nl  this  description,  the  spindles  are  fixed  in  tlieir  relative 


Fig.  166. 

positions  and  are  not  intended  to  be  operated  simultaneously ; 
the  work  is  passed  from  one  spindle  to  another.  The  true  multi- 
spindle  drill  is  for  the  purpose  of  drilling  several  holes  at  one 
time  and  in  any  relative  position  within  the  limits  of  adjustment 
of  the  machine.     Such  a  drill  is  shown  in  Fig.  166. 

The  Radial  Drill.  Another  form  of  drill,  known  as  the 
radial,  is  being  extensively  used.     It  is  shown  in  Fig.  167. 

The  drill  spindle  is  carried  on  the  arm  A.  It  is  so  arranged 
that  it  can  be  set  and  run  at  any  position  on  this  arm.  At  the 
same  time,  the  arm  may  be  swung  around  and  clamped  in  any 
vertical  or  horizontal  position  about  the  upright  B.  These  drills 
are  usually  employed  on  heavy  work,  where  a  number  of  holes 
are  to  1)6  drilled. 

la  the  case    of   the  drill  shown   in   Fig.  163,  the  work  is 
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oiTliiwrily  liglit>  aiul  can  be  readily  shifted  so  that  the  position  of 
the  holes  can  l»e  brought  beneath  the  drill.  In  heavy  work,  such 
ati  engine  cylinders,  however,  tliis  cannot  be  done.  It  is,  there- 
fore,  necetisar^-  t*)  l)c  able  to  shift  the  drill  and  jJace  it  in  a  posi- 
tiou  tu  do  tlic  work.     The  nulinl  drill  afFonls  the  means  of  doing 


■  rarivin;;  the  drill  win  lie  rotated 
I  lir  ili'illi'il,  not  only  in  any  iHtai- 
■iiiih  ii  drill  is  called  a  Univeraal 
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isiiiilly  laid  out  for  the  guidance 
viirk  is  In^Ht  done  as  shown  in 
Ilk,  indicated  by  A,  shows  iha 
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location  of  the  center  of  the  hole.  The  circle  upon  which  tlie 
prick  punch  marks  BliBB  are  placed,  gives  tiie  location  of 
the  circumference  of  the  hole.  To  drill  tlie  hob,  place  the  point 
of  the  drill  in  the  center  punch  mark  A,  and  drill  into  tlie  metal 
until  the  ^tenter  punch  mark  has  been  ttlightly  enlai'ged,  as  shown 
by  the  circle,  C,  Fig.  168.  Then  r,ii.se  (he  drill  and  examine' the 
work.     If  the  countersink  ur  hole,  whose  circumference  is  indi- 


cated by  the  circle  C,  is  exactly  concentric  with  the  outer  circle 
BBBB,  then  the  drill  may  be  put  down  and  the  hole  drilled. 

Owing,  however,  to  various  causes,  it  is  not  oft*'n  that  tJie 
circle  will  be  concentric.  Thia  niiiy  be  due  to  an  uneven  grinding 
of  the  drill,  a  distortion  of  the  metal  by  the  center  pnnrli,  or  an 
eccentric  motion  of  the  drill  point,  due  to  a  lack  of  truth  in  the 
nmniag  of  the  spindle. 
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When  the  countersink  is  not  c<»ioentric  the  drill  most  be 
drawn  back  to  the  central  position.  The  method  employed  is 
shown  in  Fig.  169.  The  round-nosed  chisel  is  used  to  cut  a 
groove,  E,  down  the  side  of  the  countersink,  on  the  side  that  is 
imrthest  froDi  the  circle  BBBB.  The  depth  of  this  groove  depends 
upon  the  amount  of  eccentricity  of  the  oountersink  and  the  depth 
to  which  it  has  been  drilled.  The  diill  is  then  run  down  again 
Bnd  tlw  groove  drilled  out  The  action  of  this  groove  is  as 
foUoiws :  as  the  drill  turns,  one  cutting  edge  is  supported,  and  is 
wotking  into  the  face  C,  Fig.  170.     At  the  same  time  the  cuying 

is  opposite  the  groove  E.     The  drill,  therefore,  springs  into 


{$> 


Fig.  168.  Fig.  169.  Fig.  170. 

m 

ihe  groove,  as  shown.  The  lip  then  catches  on  the  edge  of  the 
groove  and  cuts  it  away,  making  the  hole  elliptical,  and  shifting 
the  center  of  the  drill  towards  its  proper  position.  As  the  drill 
sinks  deeper  both  lips  are  in  contact  with  the  faces  C  and  D,  and 
it  hfis  no  further  tendency  to  shift. 

When  the  groove  has  been  drilled  out,  the  drill  must  be  again 
raised,  to  ascertain  whether  or  not  the  countersink  is  concentric 
with  the  outer  circle  BBBB.  If  not,  another  groove  must  be  cut, 
and  the  process  repeated.  If  it  is,  the  hole  may  be  drilled.  The 
prick  punch  murks  BBBB  are  put  on  the  outer  circle  to  indicate 
its  position  in  case  of  the  oblitenition  of  the  line  itself. 

A  twist  drill  will  usually  clear  its  hole  of  chips.  For  deep 
holes  this  may  not  occur.  It  is  then  necessary  to  witlidraw  the 
drill  and  clean  out  the  hole.  This  can  Ije  done  by  a  piece  of  wire 
lx;nt  at  the  end ;  also  by  using  a  "  blowpipe "  made  of  a  small 
tube,  and  }>ent  to  enter  the  hole,  so  that  the  chips  will  not  blow 
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up  into  the  operator's  face.  Cast  iron  is  more  likely  to  need 
cleaning  than  wrought  iron  or  steel.  Where  flat  drills  are  used, 
it  is  always  necessary  to  clean  the  holes  at  frequent  intei-vals,  as 
they  have  no  tendency  to  raise  the  chips  and  clear  the  holes. 

A  matter  to  receive  due  consideration  is  that  the  work  must 
be  held  rigidly  on  the  table  while  being  drilled.  This  may  be 
done  in  two  ways.  If  the  holes  are  to  be  drilled  with  great 
accuracy,  the  work  must  be  clamped  to  the  table.  This  is  often 
done  by  means  of  straps,  as  shown  in  Fig.  171.  In  this  flgure,  a 
gland  A  is  shown  clamped*  to  the  table  by  the  straps  BB.  One 
end  of  the  strap  rests  upon  the  flange  of  the  gland,  and  the  other 
upon  any  convenient  piece  of  nietal  C,  of  the  proper  thickness. 
The  bolt  D  is  put  up  through  a  hole  in  the  table  as  close  to  the 


.1 I     r< 


s 


c^i    III"  III    lU 


Q 


] 


Fig.  171 

work  as  possible.  When  the  nuts  are  screwed  down,  they  then 
put  the  greatest  available  pressure  on  the  work  and  hold  it  fast 
The  strap  B  is  made  of  flat  iron.  It  has  one  or  more  holes 
drilled  in  it  to  permit  the  passage  of  bolts. 

Another  method  of  holding  work  in  the  drill  press  is  by 
means  of  a  post  This  is  shown  in  Fig.  172.  It  consists  of  a 
post  A,  set  loosely  in  one  of  the  holes  in  the  table.  As  the  drill 
is  forced  against  the  work,  it  tends  to  turn  the  latter  with  it. 
When  the  work  strikes  the  post,  it  is  stopped  and  held  while  the 
hole  is  drilled.  ''^his  will  not  hold  the  work  perfectly  steady. 
It  allows  the  latter  to  move  with  the  eccentricity  of  the  motion 
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ol  the  drill,  but  it  is  in  veiy  common  use  wfaeie  extreme 
accuracy  is  not  essential.  For  example,  where  a  finished  bolt  is 
to  be  used  with  a  driving  fit,  tlie  work  must  be  securely  fastened 
so  that  the  diameter  of  tlie  hole  may  be  true.  Where  a  machine 
bolt  made  of  rough  iron  is  to  be  used,  the  hole  is  drilled  ^^^  inch 
larger  thau  the  normal  size  of  the  bolt.     Here  accuracy  is  not 


Fig.  172. 

even  attempted ;  a  variation  of  ^V  iuch  in  the  diameter  of  the 
hole  is  of  no  atcount.  Thei'efore,  in  such  cases,  the  work  may 
Ihj  jiHowlmI  to  ineivly  ivst  against  the  j)Ost. 

This  question  of  holding  the  work  does  not  apply  to  drills 
of  th(^  inulti-spindle  class.  It  is  evident  that  the  tendency  of 
one  drill  to  mtato  the  work  is  r'Hintt^rarted  hy  the  action  of  another 
ilrilL  Tlierrfore,  no  holding  devices  are  needed  on  drills  of  moie 
than  one  spindle. 

An  angle  iron,  funning  a  nght  angle  with  the  drill  table, 
is  iiM'd  in  many  casfs  wline  the  hole  cannot  Ix)  proj)erly  locaUnl 
hy  tliL'  nsr  nf  the  table  alone*.  The  damping  to  tlie  angle  in>n 
mnst.  1m*  vfiv  ii''i<l  to  resist  the  pressure  of  tlie  drilL  A 
tilling  t; Me  is  sometimes  n.siMl  so  that  holes  may  be  drilled 
at  any  reipiiird  jiii^le.  At  least  one;  manufacturer  is  putting 
on  the  m:iik»'t  a  ln>rizontal  drilliiiLT  maidiine  which  can  drill  five 
sides  of  a  cnlx*  at  any  ani;-]*'  with  hut  one  setting  of  the  work. 

Drilling  maehini's  may  aKo  In*  nsed  for  tapping.  This  re- 
([uin's  a  rfveising  devicM*  t'oi*  hacking  ont  the  tap.  The  Imcking- 
ont  is  doiH!  at  a  mnrh  higluT  speed  than  the  fcix^ping.  The  tapis 
held  in  a  i'lietion  lieaxl  that  will  slip  when  the  tap  strikes  the  hot- 
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torn  of  the  hole.  The  use  of  collapsing  taps,  especially  on  diam- 
eters of  one  inch  and  over,  renders  the  backing-out  unnecessary 
and  quickens  the  operation.  Studs  may  be  set  by  the  same  de- 
vice, so  that  cylinder  flanges  may  l)e  drilled,  ttipped,  and  the 
studs  set  without  removing  the  work  from  the  drill.  Duplicate 
drilling  by  means  of  jigs  will  be  considered  l^ter. 

THE  PLANER. 

Next  to  the  lathe,  the  planer  is  the  most  important  tool  in 
the  machine  shop.  As  the  name  indicates,  it  is  used  for  finish- 
ing flat  surfaces.  In  the  ordinary  planer,  the  work  is  moved  and 
the  tool  is  at  rest.  A  common  form  of  this  tool  is  shown  in  Fig. 
173.  It  consists  of  a  bed  A  upon  the  upper  surface  of  which 
suitable  guides  or  ways  are  planed.  The  platen  B  is  made  to 
travel  back  and  forth  upon  these  ways.  The  platen  has  a  rack 
on  its  under  surface  into  which  the  gear  C  meshes.  This  gear 
is  driven  by  a  train  of  gears  from  the  shaft  carrying  the  pulley 
D.  The  tool  is  carried  on  the  tool-head  E,  where  it  can  be  given 
a  slight  vertical  motion  or  feed.  This  tool-head  may  be  fed 
across  the  machine  by  the  screw  in  the  cross-mil  F.  The  latter 
may  be  raised  and  lowered  by  the  shaft  and  gearing  shown  at  tlie 
top.  This  gearing  turns  two  vertical  screws  running  in  nuts 
attached  to  the  cross-rail. 

The  reciprocating  motion  of  the  platen  is  obtained  as  follows : 
the  pulleys  D  and  G  are  driven  in  opposite  direction  by  belts. 
Either  one  may  be  connected  to  the  shaft  on  which  they  turn  by 
a  clutch  which  is  operated  by  the  bell  crank  lever  J.  On  the 
platen  there  are  two  adjustable  dogs  IlII.  These  are  set  so  that, 
when  the  work  has  just  cleared  the  tool  in  either  direction,  one 
of  them  will  strike  against  the  upper  end  of  the  lever  I.  In  the 
illustration,  if  the  platen  is  moving  in  toward  the  right-hand  dog, 
II  will  have  struck  the  lever.  As  the  platen  continues  to  move, 
the  lever  I  is  carried  to  the  right  and  the  clutch  connection 
fasteniDg  the  forward  pulley  to  the  shaft  broken  and  that  of  the 
return  made.  The  motion  is  then  reversed  and  continues  until 
the  left-hand  dog  strikes  the  lever  I  and  again  changes  the  motion. 

Ordinarily  the  tool  cuts  only  when  the  platen  is  moving 
toward  the  right  Fig.  173.     As  a  result  of  this  condition,   the 
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plat«n  is  made  to  move  Di<ne  npidly  in  the  dincttoft  ef  Ibe 
tuTow  than  in  the  leTene.  This  is  scoompliahed  by  vatying  ibe 
speeds  of  the  pulleys  D  snd  G.  The  usual  ntio  of  the  speedk 
of  these  pulleys  is  from  1  to  2,  to  1  to  5. 

The  feed  of  the  tool  is  accomplished  by  a  friction  clutch 
driving  the  vertical  rack  K.     This  acts  only  at  a  point  near  the 


end  of  tlie  trdvel  of  the  platen.     It   is  so   amitged   that  any 
vertical  ur  Imri/.ontjil  feed  may  W  given  to  the  tool. 

Planers  are  niiule  in  il  great  variety  of  razes  and  styles. 
V«rv  frequently  there  are  three  driving  pulleys  [daced  side  by 
liiile  on  tho  same  shaft,  the  central  one  of  the  three  keyed  to  the 
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sliftft.     The  reversal  of  the  motion  of  the  platen  is  obtained  by 
shifting  one  or  the  other  of  the  belts  onto  the  central  pulley. 

Planer  Tools.  The  tools  that  are  used  upon  planers  do  not 
differ  essentially  from  those  descril>ed  for  lathe  work.  The  same 
rule  applies  regarding  the  holding  of  the  tool.  It  should  project 
as  short  a  distance  as  possible  beyond   the   point   of   support 


a 


Fig.  174. 


When  there  is  an  excessive  projection,  care  should  he  taken  that 
the  tool  is  so  set  tliat  it  will  not  si)ring  into  the  work.  On  the 
Lathe  this  can  be  prevented  by  setting  tlie  point  of  the  t<:>ol  on  a 
line  with  the  center.  In  Fig.  174  tlie  tool  tends  to  8f)ring  and 
turn  about  the  point  A  as  a  center.  The  dotted  line  at  the  point 
shows  how  this  tends  to  throw  it  into 
tlie  work.  The  same  tiling  is  shown  in 
tlie  planer  tool  in  Fig.  175.  This  ten- 
dency can  be  overcome  by  forging  the 
tool  so  that  the  cutting  point  is  l)e- 
hind  a  perpendicular  from  the  point  of 
support,  as  shown  by  the  dotted  lines  in 
Fig.  175.  In  the  latter  case  the  spring 
of  the  tool  tends  to  take  it  out  of  the 
work. 

Holding  the  Work.  1  he  work  is 
usually  held  on  the  planer  by  clainping 
itdjwn  with  stmps  in  a  manner  similar 
to  that  shown  in  Fig.  171.  Wlnre  the 
whole  upper  surface  is  to  l)e  ])laned  over, 

holes  are  sometimes  drilled  in  the  sides,  into  whicii  tiie  rounded 
ends  of  straps  are  set. 


Ki-.  175. 
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It  ia  impossibb  to  ^ve  mora  than  general  directions  for 
clamping  wurk  on  •  pinner.  A  great  variety  of  blocking,  clamps 
and  bolt«  must  be  and ;  such  attachments  being  suited  to  the 
work  ill  hand,  and  raqniriiig  an  outlay  of  money  which  seems  to 
be  out  of  proportion   to   the   appearance  of   the   coUectiou.     It 


Rg.  178. 


should  be  suificient  to  say  tliat  tlie  work  must  be  carefully  set, 
Mtrongly  clamjxHl  and  braced  to  prevent  movement  by  the  tool ; 
the  clamping  xh  luld  not  distort  the  work  As  all  castings  and 
forgiiigM  change  their  shajie  when  the  surface  is  removed,  it  is  con* 
sidei'ed  g  xmI  prut-tiie  to  release  the  clamps  before  the  finishing 


cat,  ill  onlcr  that  the  piece  mny  assTinu'  its  final  shape,  and  th- 
i^riiiiiip  it  wilhiiLit  dist«irlioii. 

Angle  imns  or  knees,  iis  slmnii   in   Fig.   17(j,  may  be   c-^ 
bidered  as  sui  anxiliiiry  taltl«  with  u  uurfiu^u  ttt  riglit  angles  to     — 
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Riain  table.  Many  useful  applications  of  these  holding  devices 
will  surest  themselves. 

Another  method  of  holding  work  is  by  using  iv  \ka  »iich  as 
is  shown  in  Fig.  17T.  The  body  is  bolted  to  the  platen  and  tlie 
work  is  held  between  tlte  jaws. 

Planer  centera,  as  illustrated  in  Fig.  178,  are  very  useful  in 
iiiiichiiiing  parts  where  accurate  circular  splicing  is  desired,  or 
where  prohcting  lugs  prevent  turning  in  tliu  lattie. 


The  Wate  Planer.  A  special  form  of  planer  exterisively 
nsed  iu  boiler  shops  and  shipysirds  is  the  platv  planer.  Fig.  179. 
It  is  used  for  planing  the  edges  of  long  plates.  'I1ie  plate  is 
securely  fastened  between  the  cliini^ts  A  and  t)ic  lied  B.  The 
tool  is  held  in  tlie  carriage  C,  which  is  moved  Ut  nnil  fro  by  the 
screw  D.  The  screw  is  driven  by  the  gciir  II,  thiit  nioshes  with  a 
pinion  keyed  on  the  shaft  to  which  tlie  motor  is  gt>aR>d.  I1ie 
reversal  of  motion  is  obtHined  by  sliifting  the  elnti-li  K.  The 
tappets  M  for  moving  the  shifting  gear  are  uiMin  thu  shaft  I. 
Thej  are  struck  as  the  carriage  approa«'lifs  the  end  of  its  stiiikt-. 
Unlike  the  ordinary  machine  shop  plum.--,  the  [date  i)laiier  has  no 
quick  return  stroke,  but  has  a  tilting  tool  which  allows  stork  to 
be  removed  when  moving  in  either  direction.  Devifcs  of  this 
character  have  often  been  tried  on  n-guliir  niffcd  iilancrs,  Imt  seem 
to  be  satisfactoiy  only  when  the  whole  face  cf  the  \v'ork  can  be 
covered  at  a  single  stroke  of  the  tool. 
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THE  SHAPER. 

For  light  work  tlie  simper  or  shaping  planer,  Fig.  180,  is  ex- 
ensivel}'  used.  It  possesses  the  advantage  of  rapidity  of  actiou. 
n  this  luachiiie,  as  in  the  plate  planer,  tlie  tool  moves  while  the 


"ork  is  at  rest.  A  euitahle  mechanism  causes  the  ram  A  to  move 
>  and  fro.  When  moving  towjird  the  left,  the  toul  is  cutting. 
.8  in   the  ordinary  planer,  tiic   cutting  speed   is   less  than   the 
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The  work  is  lieM  on  the  table  B,  -which  may  be  udjuswd  to 
any  eonvt'iiieiit  lieij,rht  suited  to  the  work  to  be  done.  Tha  tool 
is  also  allowed  a  limited  vertical  adjustment  in  the  slide  by  tum- 


itifj  ilio  liiiii'llc  C.  Tliis  is  the  imliTiiiry  method  of  obtaining  the 
vvrti.'iil  U->\. 

TIr-  Iioiu..rit;fl  f.-fil  is  i.l.tiiiiiL-il  l)y  moving  the  table  B  side- 
wisi'.  III  smiif  slt;i|»i-s  it  i-aii  a'so  lio  moved  vertically  to  feed  to 
()!•  fnaii  iln-  li"i] ;  in  oilnr's  ihr  lninK<int4il  feed  is  obtained  by 
ciiiLsiiiL,'  il»'  l'"il  vviili  t\n!  ii'i'i|)nn>;ititi^  piii'ts  to  move  sidewiso, 

'l"lii>  sixlr  I.)"  niiii-liiiL,-  slii.wn  iit  Fi;,'.  ISO  is  called  tlic  i>ilkr 
sliitjKT,  bnt  wliiic  till'  tool  anil  ram  muve  sidcwise  it  is  called  the 
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traverse  sbaper ;  see  Fig.  181.  The  character  of  the  work  done 
OQ  the  shaper  and  the  planer  is  identical,  but  as  a  rule,  the  shaper 
is  used  for  the  smaller  and  more  delicate  parte  which  couUl  not  be 
handled  quickly  on  the  planer.  The  sliaper  has  the  additional 
advantage  of  a  change  of  speed  which  allows  small  pieces,  espe* 
cially  of  the  softer  metals,  to  be  machined  at  a  maximum  rate. 


Pig.  182. 


Slotter.  Another  machine  tool  which  is  not  used  jis  fom- 
monly  as  its  many  good  qualities  would  seem  to  Wiin-.nit  i>?  tliis 
Blotter,  Fig.  182.  It  is,  in  reality,  a  shaper  with  tlie  tool  niuviiitf 
vertically  instead  of  horizontally.  It  is  nsed  for  workiiifj  oti 
heavy  pieces,  and  especially  in  ])laoes  where  an  invi^ular  contour 
is  to  be  formed.     The  thrust  on  tlie  tool  is  vertical,  and  it  >niist 
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be  very  stiff.  The  work  done  frequently  partakes  of  the  nature 
of  the  foriiiing  of  the  inside  of  the  hole  where  the  tool  must  prr>- 
ject  the  whole  length  of  the  cut  below  the  bottom  of  tlie  head. 

Such  a  case  is  tliat  of  the  slotting  of  l(X?omotive 
fniines.  The  best  tyi>e  of  tool  for  such  a  class  of 
work  is  a  stnuig  bar,  as  shown  in  Fig.  183.  The 
Imr  is  held  in  the  head  of  the  tool  just  as  any  tool 
would  be.  Near  tlie  lower  end  it  carries  the  cut- 
ting tool,  which  may  lie  fastened  by  a  set-screw  or 
wedge.  Such  a  t<»ol  should  always  be  used  when 
it  is  {M:>ssil)le.  It  has  the  advantiige  of  being  stiffer 
and  less  likely  to  sjiring  than  a  foiged  tool. 

The  tool  used  in  a  slotting  machine  differs 
from  that  used  in  tlie  lathe  or  planer  in  that 
the  iliivcliou  of  the  cutting  motion  is  different. 
Fig.  184  illustrates  a  sh»tting  tool  to  be  used  for 
doing  such  work  as  the  cutting  of  key  ways  in  the 
hubs  of  pulleys.  It  will  Ije  seen  timt  if  tlie  tool 
-—  I      jg  jjujy^nj  im  iin;  direction  of  the  arrow,  the  face  B 

^'^     ^  "•  lK»comcs    till?  one   against   which    the   chip    bears. 

It>  therefore,  c(»i'resiK)nds  to  the  top  of  the  lathe 
tool.  The  sliar[)er  the  slope  given  to  the  face  B, 
tli»*  ktHMier  the  edge,  just  as  increasing  tlie  rake  of 
tin  lathe  tool  increases  its  shaqmess.     The  face  A 


Fip.   lH;i. 


must  also  lie  cul  away  as  indicated.     Tins   eorrespcmds  to  the 


Fii:.   1H4. 


Fig.  186. 


olrarancc   of    ihr   hithc  m    pbuu^r    tool.      It  is   quite  possible,   at 
times,  to  give  thcsf  tools  a  hirgcr  amount  of  rake.     Such  a  form 


^  JkM 
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is  shdwii  in  V\<r.  185.     The  shape  of  this  tool  is  such  thiit  it  is 
vyrv  strong  in  the  dii-eetion  of  the  thrust,  besides  having  a  keen 

c'lttiv.'jf  edgt*. 
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HEATING  AND  VENTILATIOR 

PART    1. 


SYSTEMS  OF  WARMING. 

Any  system  of  warming  must  include,  firsts  the  combustion 
of  fuel  which  may  take  place  in  a  fireplace,  stove,  steam  or  hot- 
water  boiler ;  second^  a  sjrstem  of  transmission,  by  means  of  which 
the  heat  may  be  carried,  with  as  little  loss  as  possible,  to  the 
place  whera  it  is  to  be  used  for  warming,  and  thirds  a  system  of 
diffusion,  which  will  convey  the  heat  to  the  air  in  a  room  and  to 
its  walls,  floors,  et<;.,  in  the  most  economical  way. 

Stoves.  The  simplest  and  cheapest  form  of  heating  is  the 
stove.  The  heat  is  diffused  by  radiation  and  convection  directly 
to  the  objects  and  air  in  the  room,  and  no  special  system  of  trans- 
mission is  required.  The  stove  is  used  largely  in  the  country 
and  is  especially  adapted  to  the  wanning  of  small  dwelling  houses 
and  isolated  rooms. 

Furnaces.  Next  in  cost  of  instiillation  and  simplicity  of 
operation  is  the  hot-^iir  furnace.  In  this  method,  the  air  is  drawn 
oveE  heated  surfaces  and  then  transmitted  throni^h  i)i[)es,  while  at 
a  liigh  tempe  ature,  to  the  rooms  whe:e  heat  is  required.  Fur- 
naces are  used  lai'gely  for  warming  dwelling  houses,  also  churches, 
halls  and  schoolhouses  of  small  size.  Tluy  are  more  costly  than 
stoves,  but  liave  some  advantiiges  over  that  form  of  heating. 
They  require  less  care,  as  several  rooms  may  l>e  waiined  ivam  a 
single  furnace  ;  and,  being  placed  in  the  Uisement  all  dast  from 
coal  and  ashes  is  kept  from  the  rooms  above. 

In  construction  a  fuinace  is  a  largo  stov^e  with  a  combustion 
chamber  of  ample  size  over  the  fire;  the  whole  being  enclosed  in 
a  casing  of  sheet  iron  or  brick.  The  bottom  of  tlie  casing  is  pro- 
vided with  a  cold-air  inlet^  and  at  the  top  are  pipes  which  connect 
with  registers  placed  in  the  varioiLS  rooms  to  )>e  heated.  Cold 
fresh  air  is  brought  from  out  of  doors  through  a  pi[)e  or  duct 
called  the  ** cold-air  box;"  this  air  enters  the  space  In'tween  tho 
casing  and  the  furnace  near  the  bottoni  and  in  passing  over  the 
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hot  Biirfiices  of  tlic  fire  jxit  and  (M^tnbustioa  chamber,  becomefl 
hciiti'il.  It  tUi-ii  rises  through  the  warm-air  pipes  at  the  top  of 
til)'  i-usiiiir  mill  h  dischu^d  through  the  registers  into  the  rooms 
above. 


tA  (■iki'ii  from  tlio  top  of  die  furnace,  colifl 
:4h  (lio  <ol(l-iiir  hex  tu  tjike  iu  phusfl.  The  air- 
Dotas  (li>t;.s  iii>t  etitci'  the  combustioa  chamber— 
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Fig.  1  shows  tlie  general  arrangemt'iit  of  a  fnrniicfi  with  its  i.on 
necting  pipes.  The  cold-aiv  inlet  Is  seen  at  the  hottoin  niid  the 
hot^r  pipes  at  tlie  top;  these  are  nil  provideii  with  ihinpers 
for  shutting  off  or  regulating  the  amount  of  air  flowing  tiirougli 
tliBiu.  Thu  feed  or  fire  door  ia  shown  at  the  front  and  the  ash 
diKtr  Iwiieuth  it;  a  water  pan  is  plitcud  inside  the  casing  njid  fiii'- 
nishes  moisture  to  the  wann  air  before  [lussing  into  the  rooms; 
w»t«T  is  either  poured  into  the  piin  througli  an  opening  in  the 
front,  provided  for  this  purpose,  or  is  supplied  automatically 
through  a  {>ipe. 

The  flra  is  I'egulated  hy  means  of  n  draft  slide  in  the  ash 
door  and  a  cold-air  or  reguhiting 
rlamper  ]'lat;ed  Iji  the  sinokr- 
pipe.  Clean-outdoors  are  placed 
nt  different  jiiiiuts  in  the  ciising 
for  the  removal  of  ashes  and 
8oot.  Faniaces  are  made  either 
iif  cast  iron,  or  of  wrought  iron 
plattt)  riveted  together  and  pro- 
vidi'il  with  hi'ick-lined  fii-e  jwts. 

One  great  lulvantage  in  this 
melhiul  of  warming  eoinea  fi'oni 
the  cuiiRbuit  supply  of  fresh  air 
which  is  n-qiiired  to  hring  tli'' 
heat  into  the  rooms.  While  this' 
in  greatly  to  lifi  desired  from  a 
fuuiitary  standpoint  it  requires  it  ^'^'   "■ 

larger  amount  of  fuel  than  would  otherwi»o  ho  nti;i5S,iiv,  fm-  litat 
is  requii-ed  to  warm  the  fresh  air  from  out  of  doors  up  to  tlie  tem- 
{wraturo  of  the  rooms,  in  addition  to  tluit  lost  by  leakage  thnmgli 
walls  iind  windows, 

A  more  even  temperature  may  be  maintained  in  this  way 
thjLii  by  the  use  of  stoves,  owing  to  the  greater  depth  and  siKe  of 
the  fire,  which  causes  it  to  Iw  more  easily  controlled.  When  a 
bnilding  is  placed  in  an  exposed  location,  difficulty  may  be  experi- 
enced at  times  in  warming  certain  rooms,  deiiending  upon  the 
iliri'ction  of  the  wind;  tins  may  be  overcome  to  ii.  huge  extent  by 
a  pro[>cr  location  of  the  furnace  and  the  exercise  of  suitable  care 


HEATING  AND  VENTILATION. 


fn  running  tlie  connecting  pipes.     This  vUl  be  taken  np  lat«r  in 
tlie  (leuigu  of  heating  Bjstems. 

Direct  Steam  Heating.  Direct  8t««m  beating  b  used  in  all 
claxses  of  haildings,  both  by  itself  an<l  in  combination  with  other 
systems.  The  fiist  cost  of  installation  is  greater  than  for  furnace 
heating  but  the  amount  of  fuel  required  is  less,  as  no  outside  air- 
supply  is  necessary.  If  used  for  warming  hospitals,  sclioolhouses  i 
or  other  buildings  where  ventilation  is  desired,  it  must  l«  supple- 
mented by  some  oUier  means  for  [iroviiiiiyg  trxrm  fresh  air.  A 
system  of  direct 
steam  beating  coq- 
sigts  of  n  furnace 
and  boiler  for  the 
combustion  of  fuel 
and  the  generation 
of  steam  :  a  Bvstem 
of  pijws  for  con- 
veying the  steam 
to  the  radiat^iisand 
for  returning  the 
walfr  of  condensa- 
tion to  the  Iwiler; 
iinil  radiators  or  . 
coils  placed  in  the 
rooms  for  tlilTusiug 
the  bent. 

Various  types 
of  boilers  are  used,  ui-i.cu.iu.^  ^.i".ii  the  sizt^  and  kind  of  building 
to    be  warmed.     Some    foi-m    of    cast    iron   sectional    boiler    is 
commonly  used  for  dwelling  bouses,  while  the  tubular  or  water- 
tube  boiler  is  more  usually  employed  in  larger  buildings.     Where 
the  boiler  is  used  for  heating  purpoaea  only,  a  low  steam  pres- 
sure of  from  2  to  10  ]»nnds  '\s   c;irried   ami    the   condensation 
flows  back  by  gnivity   to  the  boiler  which  is  placed  below  the 
lowest   radiator.     When,   for   any   reason,  a   higher   pressure  is   , 
required,  tlie  steam  for  the  heating  system  is  made  to  pass  through  \ 
lucing    valve    and   the    cimdeu'sation   is   returned    to    tl 
by  means  of  a  pump  or  return  tnip.    The  methods  i 
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making  the  pi|ie  coiiiiectioiis   bt-tween   the   boiler  and   rudiators 
■'Vary  for  diSLTent  conditions  nnd  in  different  systems  of  heuting. 
jse  will  be  taken  up  Inter  under  tbe  head  of  design. 

Direct  nidiaUng  surface  is  tntMle  up  in  different  ways:  Fig  2 

ws  a  common  form  of  cast  iron  sectional  radiator;  these  can  be 

I  up  in  any  size  depending  upon  the  height  and  iinniber  of 

tctions  used.     Fig.  3  is  made  up  of  vertical  wronglit  iron  pii>ea 

Krewed  into  a  cast  iron  base  and  is  a  very  efficient  fonn.     Fig.  4 

Jihows  a  tyije  of  cast  iron  wall  radiator  which  is  often  used  where 

Bit  is  <lesired  to  keep  the  floor  fiee  from  obstruction.     Fig,  5  is  a 

ftflpecifil   form  of  dining-room  rinliator  provided  with   ii  wanning 

l.iiloset.     Willi  aud  ceiling  coila  of  wrought  ii'on  pipe  are  often  used 


Fig.  ■!■ 


n  school  rooms,  halls  and  shops  or  whei-e  the  appearance  is  not 
Iijectiounble. 

Indirect  Steam.     This  system  of  heating  combines  the  advan- 

8  of  both  the  furnace  and  direct  steam  but  is  more  expensive 

>  install.     The  amount  of  fuel  required  is  about  the  same  as  in 

B  case  of  furnace  heating.     Instead  of  placing  the  radiators  in 

a  rooms,  a  special  form  of  heater  is  placed  beneath  the  floor  and 

bcased  in  galvanized  iron  or  brickwork.     A  cold-air  box  is  con 

KtvA  with  the  space  beneath  the  heater  and  warm-air  pipes  at 

I  top  are   comiected  with  registers  ia  the   fioora  or  u'alU  aa 
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vaa\dng  it  neocasary  to  run  but  a  single  fiie.  Another  advantage 
U  tlie  htrgB  ratio  between  tbt;  lieatirig  and  gmt«  Kiirfiii^c  tis  com- 
pared witb  it  furnace,  and  as  a  result  a  large  (quantity  of  air  is 
warmed  to  a  ni(Hlenit«  temperature  in  place  of  a  smallpr  quantity 
heated  to  a  rniiul)  higher  temperature.  This  gives  a  more  agree- 
able quality  to  the  air  and 
reniiers  it  less  dry.  Direct 
and  indirect  &\  stems  are  often 
combined,  thus  providing  the 
living  rooms  with  ventilation 
while  tlie  hallwiiys,  corridors, 
etc.,  have  only  direct  mdia- 
tors  f(ir  warming. 

Direct-Indirect  Radiators. 
A  direct-indirect  radi;itor  is 
wniilur  in    form    to  a    iHict't 

dilator  and  is    placed   in    a 

1    ill    the    saine    niaiiiiiT. 

■Tig.    10   shows    Uie    general 

brm  (if  tliia  type  of  mdi:itor 

ad  Fig.  11   shows  a  section  Pig.  t. 

through  the  same.     Tho  shape  of  the  sections  is  siicli,  that  when 
I  place,  small  flues  are  formed  Ix-tween  them.     Air  is  admitted 

through  an  opening  in  the  outside  wall  and  in  p.issiiig  upward 


rong],  these  flues  becomes  heated  before  entering  the  room.  A 
'^  ^  t-^ili  damper  is  placed  in  the  duct  ft  the  liose  of  t'la  radiator  so 
'****  tbe  air  miiy  be  taken  from  the  room  itself  iuttead  of  from 
'  ^   **  ff  doors  if  so  desired. 
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Direct  Hot  Water.  This  system  ia  similar  in  constnictioD 
to  one  for  direct  steam,  except  that  hot  water  flows  through  the 
pipi'S  niid  rndiators  instead  of  steam.  It  is  largely  used  for  the 
wariiiiiig  of  dwelling  liouses  to  which  it  is  especially  adapted 


owiiifT  til  till'  «'jis<!  with  whirli  the  temperature  of  the  water  can  he 
refHiliU.-.l. 

W'heR-  steam' i^  used  tlie  radiators  are  always  at  practically  the 
^^rf  ■  ~i|  stinie  temperature,  and  regulation 

Bb  iBSEiBBfc  must  be  secured  by  shutting  off 

"mSs  bB    I  Kh^m  and  turning  it  on  at  inter* 

'HB  H    I  v.-ils    depending  on    the    outside 

^S  D    U  tempeiBtui'e;  while  with  hot  water, 

"  the  rndiators  can  be  kept  turned 

on  all  the  time,  and  regulation 
secured  by  varying  the  tempera- 
tui-e  of  Uie  water  flowing  through 
tliem. 

There  are  two  distinct  systenvi 

of  L-irculation  employed ;  one  dc- 

Pppiidiiig  on  the  difference  in  teiu- 

I  pt'iatui'e  of  the  water  in  tlie  stip- 

^  ply     and     return     pipes,     called 

"gtiivity    circulation;"   and     ai> 

otlicr  where  a  pump  is   used   to 

!■''-■  '1-  foii't!  Uie  waterthrough  tlie  miuna, 

ciilK'il  "fori'id  I'irculiiliiiii."     The  former   is  used  for  dwellings 

Hid   oClier  Liuililij]gs  ni  ordinary  sirx-,  and  the  latter  for  large 
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uiUlings,  and  especially  where  there  are  long  horizontal  i 


I  of 


For  gravity  circulation  soine  form  of  aectionnl  cast  iron  bniler 
I  commonly  ii»e<i  altliougli  wrought  iron  tulmW  boilers  may  be 
mploy^d  if  desired.  In  the  case  of  forced  circulation  >i  heater 
ssigiied  to  warai  the  w.iter  liy  means  of  live  or  exhaust  Bteain  is 
irften  used.     A  centrifugal  or  i-otary  j)nmp  of  the  type  shown  in 


Fig.  10. 


Kg.  12  is  best  adapted  to  this  purpose;  tins  pump  may  be  driven 
)r  an  electric  motor,  or  a  steam  engine,  as  most  convenient.  Fig. 
}  shows  tlie  general  form  of  a  hot-water  radiator,  which  is  similar 
}  tlio»e  used  f'lr  steam,  except  the  sections  are  connected  at  the 
top  as  well  as  at  the  bottom;  this  is  sliown  by  the  cap  over  the 
ling  at  ilie  t^p  of  the  end  section,  which  does  not  appear  on 
Ibe  steam  radiator  sli'iwn  in  Fig.  2.  A  system  for  hot-water 
tuting  costs  more  to  install  than  one  for  sieam  as  the  radiators 
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Imve  to  be  larger  and  the  piping  rif  larger  size  and  more  cnrefnilg 
(jraded. 

Indirect  Hot  Water.  Tliia  is  used  under  the  same  condj 
tions  as  indirect  etenm,  and  the  beatere  uned  are  simllair  to  th<m 
uIkoAj  dt'scribed.  Special  attention  is  iriveii  to  the  form  of  the 
aection»  in  order  tin 
there  may  be  an  evei 
■listiibntioii  of  ' 
through  lUI  partK 
them.  Figs.  14  » 
IS  show  typical  lio 
water  radiators  for  ii 
direct  work.  As  thq 
stAcku  are  placed  i 
the  liasemont  of  ; 
building,  and  only  t 
short  distance  abov^ 
the  Ixiiler,  extra  larg 
pij)eH  must  he  lined  V 
secure  a  proper 
oil  lilt i  on  ,  for 
"head"  producinj 
flow  is  smitll. 
stack  ca.iings,  cold  and 
warm-nir  pifies 
registers  are  the  s: 
^'      '  as  in  ateain  lieuting 

Exhaust  Steam.  Exhaust  steam  is  used  for  heating  in  cm 
nectioii  with  powei'  plants,  as  in  factoiies  and  shops  or  in  olliot 
buildings  whii'h  have  their  own  lighting  plivnts.  There  i 
methods  of  using  exhaust  steam  for  heating  purposes.  One  is  to 
carry  ;i  back  pressure  on  tho  engines  of  from  5  to  10  pounds, 
depending  on  the  lengtti  and  size  of  the  pipe  mains,  and  the  other 
is  to  use  some  form  of  "  tracuum  system  "  which  consists  of  a  puma 
or  ejector  attached  to  the  returns  from  the  radiators;  this  drail 
the  steam  through  the  radiafirs  nnd  tends  to  reduce  tb«  baa 
pressure  on  the  engines  i-ather  tiuin  to  increase  it. 

Where  tin*  first  method  is  used,  and  a  back  pnr-ssuru  currie* 


citlier  the  boiler  pressure  or  the  cut'-off  of  the  engines  miiKt  Iw 
tDeren-teil  to  keep  the  *•  mean  effective  pressure  "  the  same  iind  not 


Tuilucc  the  horse-power  dcUvered, 
ical  to  utilize  the  exhaust  steam 
for  heating.  There  are  iii- 
fttiiiiucs.,  however,  where  the  re- 
lation Ijetween  the  quantities  of 
ileum  required  for  lieating  anil 
for  power  are  such,  especially 
it  the  engines  are  run  coiulens- 
ing.  tliat  it  is  hetter  to  throw 
tlie  exhaust  away  and  heat  with 
live  steam.  Where  the  vacuum 
method  is  used  these  difTicuUies 
are  avoided,  and  fur  this  re:ison 
it  is  coming  into  more  common 

If  the  condensation  from  tiic  fxhaust  steam 
the  boilers  the  oil  must  first  Itc  removed;  this  is 
plished  hy   passing  the  .sii.aui  through 


In  genenil  it  is  more  econom- 


tmctor  ; 


returued  to 

lally  accom- 

iif  grease  ex- 


i  lE  leaves  the  cugiuc.     The   water   of  condensation  is 
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win  be  fonned  od  tiktii  iimer  snrEwcs  which  will  redqce   their 
hfting  efficieDcr. 

Farced  Blast.  This  method  of  beating,  in  different  forms, 
a  used  for  the  wanning  of  £\etones,  schools,  churches,  theatres, 
balls  or  any  lar^  bailding  where  good  ventilatioQ  is  desired. 
The  air  for  warminir  is  drawn  or  forved  through  a  heater  of  special 
de^gu,  and  disclurgtrd  bv  a  fan  or  blower  into  dacts  which  lead  to 
registent  placed  in  the  rooms  to  be  warmed.  The  beater  is  usually 
made  up  in  sections  so  that  steam  may  be  admitted  to  or  shut  off 
from  any  section  independently  of  the  others,  and  the  temper- 
ature of  the  air  ivguUted  in  this  manner.     Sometimes  a  by-pass 
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dam)ter  is  attaoiiiit,  so  that  jviit  of  ;iie  air  will  pass  through  the 
heater  mul  [xiri  iiii>tuul  or  owr  it :  in  this  \v;»y  the  proportions  of 
cold  and  heatt-d  air  may  l>e  so  ailjiistiil  as  to  give  the    desired 
temperature  to  iho  air  I'nteriiii:  the  r.'i'ms.     These  forms  of  regu- 
lation are  coninioii  wlifre  a  Mower  is  used  for  warming  a  single 
room  as  in  tlie  ease  of  a  t-hureh  or  hall:  hut  where  several  rooms 
are  warmed,  as  in  a  si'hooihouse.  it  is  cusitomarj-  to  use  the  main 
or  primary  heater  at  the  hlower  for  warming  the  air  to  a  given 
temperature,  (somewhat  l»elo\v  that  which  is  actually  required) 
acd  to  supplement  this  hy  pLuing  secondary  coils  or  heaters  at 
the   '         'ns  of   the   flues   leading   to   the  different  rooms.     By 
B  arrangement  the  temiH'nitui-e  of  each  room  can  be 
ependentlv   of   the   others.      The   so-called   double 
sometimes  employed.     In  this  case  two  ducts  are 
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led  to  each  register,  one  supplying  hot  twr  and  the  other  cold  ot 
iered  air,  ajid  a  diim|>er  for  mixing  these  in  tlie  right  pmimi'- 


»  placed  in  the  fine  below  tlie   register.     Fig.  1*5  shows  a 
n  form  of  the  heater  used  iu  connection  with  a,  fun  ;  liiis  is  <>n- 
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cased  in  lieavy  sheet  iron  or  lirickwork,  and  is  ao  connected  with 
tlio  fan  that  the  air  is  drawn  or  forced  through  the  spaces  between 
the  hot  pi|>es  aiul  tliti»  becomes  heated.  Fig.  17  represents  the  usual 
form  of  fan  wheel  used  for  lieating  and  ventilating  work  ;  this  is 
(inclosed  in  a  steel  plato  casing  with  inlet  openings  at  the  sides 
anil  a  discharge  outlet  at  the  outer  edge  of  the  fan.  A  common 
arnuigenieiit  of  fan  and  heater  is  shown  in  Fig.  18.  The  arrows 
indicutti  the  cold  air  entering  the  heater  and  the  discharge  from 
the  fan  is  through  the  circular  opening  at  the  top  of  the  casing. 
Tliis  fan  is  sliown  as  being  driven  by  a  direct  connected  engine. 
Electric  motors  and  steam 
engines  are  both  used  for  this 
purpose  and  may  be  either 
belted  or  direct  connected. 

Fig.  19  shows  a  &n  and 
heater  arranged  for  a  double 
i  duct  system.     A   portion  of 
I  the    air  passes    through    the 
/  heater,  the  top  of  which  can 
be  seen  where  ^e  casing  is 
broken  away ;  the  remainder 
of     the    air     pbsses     partly 
through,  and  partly  over  the 
heater,  depending   upon   the 
[)osition  of  the  by-pass  dam- 
'*^'  per  above.     The  temt>erature 

of  llif  iiir  in  tlji-  iippi-r  duct  is  thcn-Enre  less  than  that  in  the 
liiwn,  aii'l  thf  twii  can  Ik^  niixi-il  at  tlic  registers  as  required.  In 
Fii;.  -1'^  is  sliowii  ii  tyiK'  of  fan  called  the  "cone  fan."  This  is 
iLMi^tlh'  [il:i<'i-il  ill  :iii  "[jcning  in  a  brick  wall  and  discharges  air 
froTn  iis  fuiin-  [H'linii'tfr  into  ii  n)om  called  a  " plenum " chamber, 
witli  wliiili  ilii'  v;irii>iis  <lisiiilmtin^  diicts  connect 

Electricity.  I'nli-ss  electricity  is  produced  at  a  very  low 
cost,  its  use  fin-  lic;iting  icsiiieiices  or  laige  buildings  is  not  practi- 
cable. It  has  luiwcvcr  qiiite  a  licM  of  usefulness  in  the  heating 
of  sLiiiill  ntVices,  bath  rouins,  colli  corners  of  rooms,  electric  cars, 
etc.,  and  is  often  iiscil  in  roimis  whieh  cannot  be  reached  by  steam 
or  warm-air  pipes. 
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It  lia£  the  special  mivaiitagfi  of  being  instantly  avaiiablo,  and 
8  amouiil  of  heat  may  be  regiiUiLetl  at  will. 

The  heat«i-s  are  perfectly  clean,  do  not  vitiate  the  air  and  are 
Iportahle.     They  are    usually  ananged    in   sections   so   tliat   tlio 
amuuut  of  lu-at  cjiu  be  regnliitMil  (t-  dpsiivd.     Tln-y  are  made  up 


f  resistance  coiU  embeil'lt^d  in  ualiesLua  ur  buuii^  otUur   form  of 
non-conducting  material. 

Figs.  21,  22  and  23  show  different  forms  of  electric  radiators  j 
ri^j.  22  ia  designctl  esjiecially  for  cur  heating. 

PRINCIPLES  OF   VENTILATION. 
Closely  connected  with  the  subject  of  heating  is  the  problem 
!  maintaining  air  of  a  certain  standai-d  of  purity  in  the  various 
nildings  occupied. 

The  introduction  of  pure   air  can  only  l>e  done  properly  in 
tonnectioR  with  some  syfitem  of  heating,  and  no  system  of  heating 
I  complete  mlhont  a  supply  of  pure  air,  di^jiending  in  amount 
bjion  the  kind  of  building  iind  the  purpose  for  which  it  is  used- 
Composition  of  the  Atmospbere.     It  has  already  been  stated 
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vlsewhcre    in    this    work   tliat  atmosplierio   air   is    not  a  i 
siilislnnce    Ijut    »    ineclintiiL-Kl    mixture.       Osygt;ii    nnd    nitn: 
llie  j>riuci)ial  coimtilueiite,  ai-e  pt-eserit  in   Vtiry   iiciii-ly   llie   . 
portion   of   one   part  uf   uxygeii    to  four   parts  of   nitrogen  j 
weight.     Carbonic  at^iii  gas,  the  product  of  nil  cunibiistion,  ex) 
in  the  proportion  of  S  to  5  parts  in  10,000  lu  the  open  counti 
Water  in  thu  form  of  viijjor,  viirii-s  greiitly  witti  the  tvra|)enitu 
and  the  exposure  of  the  air  to  ojieti  bodies  uf  water.     In  udditi 
to  llitt  iil>ovi',  thei-e  iii-o  frenerally  prest-iit,  in  variiibie  but  exi 
ingly  ainatl  qunntities,  ammonia,  sulphuretted  hj'di-ogen,  sulphu 
siilphiii'ous,  nitric  and  nitrous  acids,  floating  organic  and  inorgai 
matter  and  local  impurities.     Air  also  contains  ozone  which  i 
peculiarly  active  form  of  oxyptn,  and  lately  new  constituent  g 
have  been  found  in  timsill  i|uuntilii'<^. 


Oxygen  is  one  of  the  most  important  elements  of  the  I 
so  far  as  Im)IIi  heating  anJ  ventilation  ar»  concerned.  It  is  | 
active  element  in  the  chemical  pnicess  of  combustion  and  uLjinj 
a  somewliat  simitar  process  which  takes  place  in  the  rpspiratal 
of  human  beings,  Taken  into  the  lungs  it  acts  upon  the  exol 
of  carl)on  in  the  Iihxjd,  and  possibly  upiui  other  ingredients,  fod 
ing  chemical  comjjounds  which  are  thrown  off  in  the  act  of  reej 
ation  or  breathing. 

Nitrogen.     The  prineijml  bulk  of  the  atmoetphen*.  is  nitro 
which    exists  uniformly  .diffused  with  oxygen  and  carbouic  i 
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gis.  This  element  is  practically  inert  in  nil  processes  of  comlms- 
tion  or  respiration.  It  is  not  affected  in  comjK>silion,  either  hy 
[Kiissing  Uirougli  a  furnace  dining  combustion  or  tlirowgli  tlie  lunys 

:ygen 


Carbonic  Acid  Gas  la  of  itself  only  a  neutral  constituent  of 
I  the  ntmosphere,  like  nitrogen,  and  contrary  to  the  general  ini- 
pwssion  lis  pi-esence  in  moderately  large  quantities  (if  uncombined 
I  with  other  substances)  is  neither  disagreeable  nor  especially  harm- 
1  ful.  Its  presence  in  the  air,  however,  provided  for  respiration, 
'  decreases  the  readinfss  with  which  the  carbon  of  the  blood  unites 
with  the  oxygen  of  tlie  air,  and  tlierefure,  when  present  in  sufficient 
^oatuity  may  cause  indirectly,  not  only  serious,  but  fatal  reaulte. 


'XTie  real  harm  of  a  vitinted  atmoiphcro  is  uiusikI  by  it«  othi 
constitiKMil  gnst-s  mid  liy  tUf^  niimite  organiNma  which  nn<  thmwn  0 
in  the  proceas  nf  respiratinn.  It  is  kixiwti,  however,  that  the* 
otlier  impurities  oxist  in  fixed  proportion  to  the  amount  of  irarbool 
acid  pi-esent  in  an  titniosjiliL-re  viliiitml  Ij_v  icspiratioi).  Thcrefoiij 
ac  tUo  rplativo  proi>ortioii  of  carlionic  acid  may  Ik-  piisily  dti-t* 
lutDRd  by  experiment,  the  fixing  of  a  standai-d  limit  nf  the  a 
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ID  which  it  may  be  allowed,  also  limits    the   amounts  nf  Dthf| 
impurities  which  are  found  in  comhiniitinn  with  it. 

When  carbonic  auid  is  present  iu  excess  of  10  jiarts  in  lO.OOl 


Fig.  22. 


parta  of  air,  a  feeling  nf  weariueHs  and  Htuflinflss,  generally  aoom 
piinii'il  by  a  he<tdache,  will  be  cicpeneni:ed ;  while  with  oven] 
paila  in  10.000  parts  a  mora  would  he  considered  close. 
gener,il  considcmtiotis  of  ventiliition  the  limit  aliould  Iw  placed  i 
6  to  7  parta  m  10,000  thus  allowing  an  increase  of  li  lo 
Dvei  tluit  pri^sunt  in  outdoor  air  which  may  be  considered  ; 
contain  fimr  parta  in  lU.OOO  under  ordinary  conditions. 

Analysis  ol  Air.     Thv  amount  of  carbonic  acid  preaenfeJ 
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pc  aii-  may  be  readily  determined,  with  aiifticient  accuracy  for 
bctical  purposes,  in  tlie  following  manner: 
Six  clean,  dry  and  tiglitly  corked  bottles,  containing  respee- 
kfly  100,  200,  250,  300,  350  and  400  cubic  •centimeters,  a  glass 
kbe  containing  exactly  15  cubic  centimeters  to  a  given  mark,  and 
llwttle  of  perfectly  clear,  freah  Hme-waler  make  np  tlie  apparatus 
squired.  The  Imttles  should  be  filled  with  the  air  to  he  exam- 
ped  by  means  of  n  Inind-ball  synngs.  Add  to  Uie  snialk'st  bottle 
$  cubic  centimeters  of  the  linie-water,  put  in  the  cork  and  sli  ike 
rell.  If  the  lime-water  has  a  milky  appearance  the  amount  of 
irbonic  acid  will  be  at  least  16  paria  in  10,0lJf(.  If  the  .:<jritenta 
F  tlie  bottle  remains  clear,  treat  th.' 
Jottlo  of  200  cubic  centimeters  in  ' 
?  same  manner;  a  milky  appt-ai 
!  or  turbidity  in  this  would  indi- 
12  parts  in  10.000.  In  a  Kimihir 
nnner,  turbidity  in  the  25^1  cubic 
altimeter  bottle  indicates  10  jmrts 
10,000;  in  tlie  300,  8  parts;  in 

I.  7   parts   and    in   the  4fJ0.  ^'^^  ^"'' 

teas  than  6  parts.  The  ability  to  conduct  more  acctimte  nnal3mea 
oaii  only  b«  attained  by  special  study  and  a  knowledge  of  chem- 
ical properties  and  methods  of  investigation. 

Air  Required  for  Ventilation.  The  amount  of  air  required 
to  maintain  thi-  atiiridanl  of  purity  can  be  very  easily  determined 
rovided  we  know  the  amount  of  carlionic  acid  givi»n  off  in  the 
B  of  respiration.  It  has  been  found  by  exjieriment  that  the 
rtrage  production  of  carbonic  acid  by  an  adult  at  i-eat  is  about 
Icabic  feet  per  hour.  If  we  a-isume  the  proportion  of  this  gaa 
I  4  parta  in  10,000  in  the  external  air,  and  are  to  allow  6  parts 
1 10,000  in  an  occupied  room,  the  gain  will  be  2  parts  in  10,000, 
fin  othi'r  words  thei-e  will  be  Yjr.jjfj^  .0002  cubic  feet  of  car- 
inic  acid  mixed  vrith  each  cubi<:  foot  of  fresh  air  entering  the 


Therefore,  if  one  pereon  gives  off  .6  cubic  feet  of  carbonio 
M  per  hour  it  will  require  .0  ~  .0003  =  3000  cubic  feet  of  air 
pr  person  to  keep  the  air  in  the  room  at  the  standard  of  purity 
Kilmed.  that  is,  6  parts  of  carbonic  acid  In  10,000  of  air. 
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by  mechanical  means.  The  effect  of  beat  <m  tbe  ur  is  to  itwrease 
its  -volume  and  therefore  lessea  its  density  or  weight,  so  that  it 
tends  to  rise  and  is  replaced  hj  the  colder  air  beloir.  The  avail- 
able force  for  moring  ur  obtained  in  this  war  is  reir  small  and  is 
<)uite  likely  to  be  overcome  by  vind  or  external  caoses.  It  will  be 
found  in  g<>ne>^l  tlmt  the  heat  used  for  prodocing  velocity  in  this 
manner,  when  tmnsformed  into  work  in  the  steam  engine,  is 
greatly  in  excess  of  that  required  to  produce  the  same  effect  by 
the  use  of  a  fan.  Ventilation  by  mechanical  means  is  performed 
either  by  pressure  or  suction.  The  former  is  used  for  delivering 
'resli  air  into  a  building  and  the 
™tter  for  removing  the  foul  air 
f<x>m  it.  By  both  processes  tbe 
^**'  is  moved  without  change  in 
*®*Mp>erature,  and  the  force  for 

""o-x'ing   must    be   sufficient   to 

ov^x-^ome    the   effects   of   wind 

**^     cshanges  in  outside  tsmpera- 

'***"^  .     Some  form  of  fan  is  used 

'**^    "this  purpose. 

Measurements  of  Velocity.  Fig-  2l> 

^  l*^   velocity   of   air   in    venti- 

'**'>■  Tig  ducts  and  flues  ii  measured  directly  by  an  instrument  called 

'*■**    anemometer.     A  common  form  of  this  instrument  is  shown  in 

**  *S~  24.     It  consists  of  a  series  of  flat  vanes  atbkclied  to  an  axis, 

^-'i*!  a  series  of  dials.  The  revolution  of  tbe  axis  ciuses  motion 
'^f  the  hands  in  proportion  to  tlie  velocity  of  tlie  air,  and  the 
*"^**^lU  can  be  read  directly  from  tlie  dials  for  any  given  period. 

AIR   DISTRIBUTION. 

The  location  of  the  air  inlet  to  a  room  depends  upon  the  size 
^'  the  room  and  the  puipose  for  which  it  is  used.  In  the  cjise  of 
living  rooms  in  dwelling  houses,  the  registei"8  are  placed  either  in 
the  floor  or  in  the  wall  near  the  flior;  this  brings  the  warm  air  in 
**'  the  coldest  part  of  the  room  and  gives  an  opportunity  for  warm- 
'"B  or  drying  the  feet  if  desired.  In  the  csise  of  school  rooms 
'here  lai^  volumes  of  warm  air  at  moderate  temperatures  are 
iwpiired,  it  is  best  to  dischai^e  it  through  openings  in  the  wall  at 
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a  height  of  7  or  8  feet  from  the  floor ;  this  gives  a  more  even  dis- 
tribution as  the  warmer  air  tends  to  rise  and  hence  spreads  uni- 
formly under  the  ceiling  ;  it  then  gradually  displaces  other  air  and 
the  room  becomes  filled  with  pure  air  without  sensible  currents  or 
drafts.  The  cooler  air  sinks  to  the  bottom  of  the  room  and  can 
be  taken  off  through  ventihiting  registers  placed  near  tlie  floor. 
The  relative  positions  of  the  inlet  and  outlet  are  often  governed 
to  some  extent  by  tlie  building  construction,  but  if  possible  they 
should  both  be  h)eated  in  the  same  side  of  tlie  room.  Figs.  2;'), 
2i)  and  27  show  common  arrangements. 


Fig.  25. 


OUTSiDC  YiALL 
Fig.  26. 
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Fig.  27. 


The  vent  outlet  should  always  if  possible  be  placed  in  an 
inside  wall  else  it  will  become  chilled  and  the  air-flow  through  it 
will  become  slut^^t^^ish.  In  theatres  or  lialls  which  are  closely 
packed,  the  jiir  should  eiit<'r  at,  or  near,  the  floor  in  flnely-divided 
streams,  and  the  <liscliarti^e  ventilation  should  be  through  openings 
in  tlie  eeiliiiij^.  'Hir  i(»as()ii  for  tliis  is  the  large  amount  of  animal 
heat  given  olT  from  the  bodies  of  the  audience,  which  causes  the 
air  to  beconu*  still  furtlirr  heat<*(l  after  entering  the  room,  and  the 
tendency  is  to  rist'  continuously  fi'om  floor  to  ceiling  thus  carrying 
away  all  impurities  fioni   respiration  as  fast  as  they  are  given  off. 

Tlui  mutter  of  air  velocities,  size  of  tines,  etc.,  will  be  taken 
up  under  the,  head  of  (h'sii^n. 

HEAT  LOSS  FROM  BUILDINGS. 

A  I)ritisli  Thermal  Hnit,  or  1^.  'i\  II.,  has  been  defined  as  the 
amount  (►f  heat  required  to  raise  the  temperature  of  one  pound  of 
water  one  degiee  F.     This  measure  of  heat  enters  into  many  of 
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tiie  calcnlations  involved  in  the  solving  of  problems  in  heating 
and  ventilation,  and  one  should  familiarize  himself  with  the  exact 
meaning  of  the  term. 

Causes  of  Heat  Loss.  Tlie  heat  loss  from  a  building  is  due 
to  the  following  causes;  firsts  mdiation  and  conduction  of  heat 
through  walls  and  windows ;  seconds  leakage  of  warm  air  around 
dooi-s  and  windows  and  through  the  walls  themselves ;  and  thirds 
heat  j'equired  to  wann  the  air  for  ventilation. 

Loss  Through  Walls  and  Windows.  The  loss  of  heat 
through  the  walls  of  a  building  depends  upon  tlie  material  used, 
the  tluckness,  the  number  of  layers  and  the  difference  between 
the  inside  and  outside  temperatures.  The  exact  amount  of  heat 
lost  in  this  way  is  very  difficult  to  determine  theoretically,  hence 
we  depend  principally  on  the  results  of  experiments. 

Loss  by  Air  Leakage.  The  leakage  of  air  from  a  room  varies 
from  one  to  two  or  more  changes  of  the  entire  contents  per  hour, 
dej)ending  upon  the  construction,  opening  of  doors,  etc.  It  is 
common  pi'actice  to  allow  for  one  change  per  hour  in  well-con- 
structed buildings  where  two  walls  of  the  room  h.ive  an  outside 
exposure.  As  the  amount  of  leakage  depends  upon  the  extent  of 
exposed  wall  and  window  surface  it  seem>  best  to  allow  for  tliis 
loss  by  increasing  that. due  to  conduction  and  radiation.  The 
following  table  gives  the  lieat  losses  through  different  thickness  of 
walls,  doors,  windows,  etc.,  in  B.  T.  U.,  per  square  foot  of 
surface  per  hour  for  varying  differences  in  inside  and  outside 
temperatures. 

Authorities  differ  considerably  in  the  factors  given  for  heat 
losses,  and  thera  are  various  methods  for  computing  the  same. 
The  following  figures  and  m(»thods  have  been  used  extensively  in 
actual  practice  and  have  been  found  to  give  good  results  when 
used  with  judgment. 
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For  solid  stone  wulls  multiply  the  figures  for  brick  of  the  same 
thickiiesa  by  1.7.  Where  rooms  h.ive  a  colil  attic  above  or  cellar 
Iteiieiith,  multiply  the  heat  loss  through  walU  and  windows  by  1.1. 
The  figures  given  in  table  III.  are  for  a  aoutheni  exposure ;  for 
other  oxposui-es  multiply  the  heiit  loss  (pveii  in  table  III.  by  the 
fiictors  given  in  table  IV. 

TABLE   IV. 


Exi-r 


Factob. 


N. 

1.32 

E. 

1.12 

S. 

1.0 

W. 

1.20 

n.  E. 

1.22 

N.  \V. 

1.26 

S.  E. 

1.06 

S.  W. 

1.10 

N. 

:.  s.  w. 

or  toUiI  oxfHWUi-e. 

1.16 

[ii  Older  lo  nuiki'  the  use  of  the  table  elear  we  will  give  a 
iiiniiber  of  exampli-.s  ilbiHtnvting  its  use. 

Aasuining  an  riisirh.  leniperatiire  of  70°,  what  will  Iw  the 
heat  Ions  from  a  room  having  an  exposed  wall  surface  of  200  square 
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feet  and  a  glass  surface  of  50  square  feet,  when  the  outside  tem- 
perature is  zero.  The  wall  is  of  brick,  16  inches  in  thickness  and 
has  a  southern  exposure;  the  windows  are  single. 

We  find  from  table  III.  tliat  the  factor  for  a  16"  brick  wall 
with  a  difference  in  temperature  of  70°  is  19,  and  that  for  glass 
'^single  window)  under  the  same  condition  is  85 ;  therefoi*e 
l-ioss  through  walls        =  200  X  19  =  3800 
Loss  through  windows  =  50    X  85  =  4250 

Total  loss  per  hour  =  8050  B.  T.  U. 

In  computing  the  heat  loss  through  walls,  only  those  exposed 
to  the  outside  air  are  considered. 

A  room  15  ft.  square  and  10  ft.  high  has  two  exposed  walls ; 
one  toward  the  north  and  the  other  toward  the  east.  There  are 
1  windows,  each  3'  X  6'  in  size  The  two  in  the  north  wall  are 
double  while  the  other  two  are  single.  The  walls  are  of  bri(;k,  20 
inches  in  thickness;  with  an  inside  temperature  of  7<)°  what  will 
be  the  heat  loss  per  hour  when  it  is  10°  below  zero. 

Total  surface       =  15  X  10  X  2  =  300 
Glass  surface       =    3X    6x4=    72 

Net  wall  surface  =  228 

Difference  between  inside  and  outside  temperature  80^« 

Factor  for  20*  brick  wall  is  18. 

Factor  for  single  window  is  93. 

Factor  for  double  window  is  62. 

The  heat  losses  are  as  follows : 

Wall,  228  X  18  =  4104 

Single  windows,    86  X  93  =  3348 
Double  windows,  86  X  62  =  2232 


9684  B.  T.  U. 
As  one  side  is  toward  the  north  and  the  other  toward  the  wess 
the  actual  exposure  is  N.  W.     Looking  in  table   IV.  we  find  the 
correction  &ctor  for  this  exposure  to  be  1.26  ;  therefore  the  totiil 
heat  loss  is 

9684  X  1.26  =  12,201.84  B.  T.  U. 

A  dwelling  house  of  wooden  construction  measui-es  160  ft* 
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around  the  outside;  it  hiis  2  stories,  each   8  ft.  in  height;  the 

windows    are    single    and    the   glass    surface    amounts    to    -  the 

5 

total   exposure ;  the    attic   and    cellar   are    unwarnied.     If  8000 

H.  T.  U.  are  utilized  from  each  pound  of  coil  burned  in   tlie  fui^ 

nace,  liow  many  pounds  will  be  required   per  hour  to  maintiiin  a 

temperature  of  70°  when  it  is  20°  above  zero  outside. 

Total  exposure  =    160  X  16  =  2560 

Glass  surface     =  2560 -^    5=    512 


Net  wall  =  2048 

Tem[>emture  diflference  =  70  —  20  =  50° 
Wall         2048  X  13      =  26624 
Glass  512  X  00      =  30720 


57344  B.  T.  U. 

As  the  building  is  exposed  on  all  sides  the  factor  for  exposure 
will  be  the  average  of  those  for  N.  E.  S.  and  W.  or 
(1.82    i    1.1*^  +  1.0  ^    1.20)-^4  =  1.16 

The  house  has  a  cold  cellar  and  attic  so  we  must  increase  the 
heat  loss  10%  for  each  or  20%  for  both.  Making  these  correc- 
tions we  shall  have 

57844  X  1.16  X  1.20  =  79822  B.  T.  U. 

One  pound  of  coal  furnishes  8000  B.  T.  U.  then  79822  4- 
8000  =:  [).[)'i  ;  or  about  10  pounds  of  coal  per  hour  will  be  required 
to  warm  tlio  buildiufr  to  70°  under  the  conditions  stated. 

Approximate  Method.  For  dwtdling  houses  of  usual  c(m 
struction  the  following  simple  method  may  be  used.  Multiply 
the  tola)  exposed  surface  by  38,  which  will  give  the  heat  loss  in 
H.  T.  U.  per  hour  for  an  inside  temi)erature  of  70°  in  zero  weather. 

This  fa(;tor  is  obtained  in  the  following  manner.     Assume 

the  glass  surfaet;   to  be    -  the  total  exposure,  which  is  an  average 

6 

proportion. 

Then  each  square  foot  of  exposed  surface  consists  of  _  glass 

and  1  wall  and  the  heat  loss  for  70''  difference  in  temperature 
6 

would  1)6  {IS  follows : 
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Wall    I  X  19  =  15.8 

Glass    I  X  85  =  ^ 
G  29.9 

Increasing  tliis  by  16%  for  toUl  exposure  and  10%  for  loss 
through  ceilings  we  have  29.9  X  1.16  X  1.10  =  38.1.  The  loss 
through  floors  is  considered  as  being  offset  by  including  the 
kitchen  ^valls  of  a  dwelling  house,  which  are  warmed  by  the 
range  and  would  not  otherwise  bo  included  if  computing  the  size 
of  a  furnace  or  boiler  for  heating. 

If  the  heat  loss  is  required  for  outside  temperatures  other 
than  zero,  corrections  must  be  made  as  follows :  Multiply  by  50 
for  20°  below  zero,  by  U  for  lO*'  below,  by  33  for  lO'^  above. 

This  method  is  convenient  for  approximations  in  the  ease  of 
dwellini'  houses  but  the  more  exact  method  should  Ix;  used  for 
other  types  of  buildings,  and  in  all  c<ases  for  conn)uting  the  heat- 
ing surfiice  for  separate  rooms.  When  calculating  the  lieat  loss 
from  isolated  rooms,  the  cold  inside  walls  ivs  well  ius  the  outside 
must  be  considered. 

Tlie  loss  through  a  wall  next  to  a  cold  attic  or  other  iin- 
warmed  space  may  iu  general  be  taken  iis  about  two-thirds  that  of 
an  outside  wall. 

Heat  Loss  by  Ventilation.  One  B.  T.  U.  will  raise  the 
temperature  of  1  cubic  foot  of  air  55  degrees  at  average  temper- 
atures and  pressures  or  will  raise  55  cubic  feet  1  degree,  so  that 
tlie  heat  required  for  the  ventilation  of  any  room  may  be  found 
liy  the  following  formula: 

cu.  ft.  of  air  per  hour  X  numbor  <if  dogroes  riso  ^  ,^  ,„   ,,  rc«iiiiit)(l 

To  compute  the  heat  loss  for  any  given  room  which  is  to  b(» 
ventilated,  firat  find  the  Joss  through  walls  and  windows,  and 
correct  for  exposure,  then  compute  the  amount  required  for 
ventilation  as  above  and  take  the  sum  of  the  two.  An  inside 
tcnii)erature  of  70**  is  always  assumed  unh^ss  otherwise  stilted. 

Example  —  What  quantity  of  heat  will  be  reijuired  l<»  warm 
100,000  cubic  feen  of  air  to  70°  for  ventilating  puri>oses  when  tluj 
outside  teroperature  is  10  below  zero? 

100,000  X  80  -^  55  =  145,454  B.  T.  U.     Ans. 
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How  many  B.  T.  U.  will  be  required  per  hour  for  the  venti- 
lation of  a  church  seating  500  people,  in  zero  weather? 

Referring  to  table  II.  we  find  that  the  total  air  required  per 
hour  is  1200  X  500  =  600,000  cu.  ft. ;  therefore  600,000  X  70  -^ 
55  =  763,636  B.  T.  U. 

Example. —  A  corner  room  in  a  grammar  school  28'  X  32' 
and  12'  high  is  to  accommodate  50  pupils.  The  walls  are  of  brick 
16^^  in  thickness  and  there  are  6  single  windows  iu  the  room,  each 
3'  X  6' ;  there  are  warm  i-ooms  above  and  below ;  the  exposure  is 
S.  E.  How  many  B.  T.  U.  will  be  required  per  hour  for  warm- 
ing the  room  and  how  many  for  ventilation,  in  zero  weather? 
The  total  window  surface  is 

6  X  3  X  6  =  108  square  feet 
The  exixvsed  surface  of  the  room  is 

32  X  12  +  28  X  12  =  720  square  feet. 
The  exposed  wall  surface  is 

720  —  108  =  612  square  feet. 
Heat  loss  through  windows  =  108  X  85  =    9180 
Heat  loss  through  walls        =  612  X  19  =  11628 


Total  heat  loss  =  20808 

Total  corrected  for  S.  E.  ex{K)sure 

=  20808  X  1.06  =  22,056.         Ans. 
Air  supply  required  per  hour 

=  2400  X  50  =  120,000  cubic  feet 
B.  T.  U.  recjuiretl  for  ventihitiou 

^I^MOOXJTO^,, 2.727.       Ans. 
55 

FURNACE    HEATING. 

Types  of  Furnaces.  Furnaces  may  be  divided  into  two 
general  types  known  as  direct  and  indirect  draft.  Fig.  28  shows 
a  (common  form  of  direct  draft  furnace  with  a  brick  setting ;  the 
better  cdiuss  have  a  radiator,  generally  placed  at  the  top,  through 
which  the  giuses  p  iss  before  reaching  the  smoke  pipe.  They  have 
but  one  djimper  usually  combined  with  a  cold-air  check.  Many 
of  the  cheaper  direct  draft  furnaces   have  no  radiator  at  all ;  the 
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the  cbimney  dmft  in  weak,  Liouble  front  gits  is  more  Hkeljr  to  i| 
experienced  with  furnuccs  of  tWia  LyjH]  tliiui  wiUi  those  hiivlngj 
direi^t  draft. 

Grates.  No  purt  of  a  furnace  is  of  more  imj>oria»ce  than  ti 
gmtfB.  Thi;  jiliiin  ff-.\te  mtatiiig  alxjut  a  otjnti'r  pin  wns  for  n  Im 
time  the  onu  most  coninionly   used.     Thehe  ^rntes  were  iisu)il| 


Ftg    89 

provided  with  a  clinker  ilonr  for  reinovinj^  nuy  refnwi  too  la^^e4 
IMsa  hctwoen  lliw  gnito  hum.  The  netion  of  such  gratea  tendH  | 
leave  a  cone  of  aahoa  in  the  center  of  the  fire  cuui^iiig  it  to  btu 
nirire  freely  around  tne  edges.  A  Iwtter  fnrni  of  grate 
re/uivittg  LriHugulnr  patter. I  which  is  now  used  in  lusiiy  of  the  lei 
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tttg  {iirtiitoes.     It  consists  of  a  series  (kf  triangular  bitrs  liiwing 

!eth.     The  bars  are  coiinectyd  by  gPiii-s  iind  are  turned  by  means 

E  a  detftctuible  lover.     If  properly  used  this  gnvte  will  cut  a  slitie 

A  aud  clinkora  from  under  tlie  entire  lire  with  little,  if  any 

8  of  UQcotieunied  coiil. 

The  Fire  Pot.     Fire  i)Ots  are  generally  miido  of  cast,  imn  or 

■  of  st*el  plate  lined  with  fire  brick.      Tlic  depth  ranges  from  iibiiut 


1 1-  u>  IS  inches.  In  cast  iron  furnaces  of  the  better  clas»  the  dra 
'  in  inadt!  very  henry  to  iusurii  duiiibility  and  to  render  it  leas 
I  likely  to  becniDQ  red  hot.  The  Bre  pot  is  somotimes  made  in  two 
I  p^:v»  to  riiduRe  the  liability  of  cranking.  The  headng  surface 
lM«onit;toi!a  increased  by  con'ugations,  pins  or  ribe. 

A  fire  brick  lining  is  necessary  in  a  wrought  iron  or  steel 
mac«  to  protect  the  thin  shell  from  the  intense  heat  of  the  fire. 
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Since  brick  lined  fire  pots  are  much  less  effective  than  cast  iron 
in  transmitting  heat,  such  furnaces  depend  to  a  greiit  extent  for 
their  efficiency  on  the  heating  surface  in  the  dome  and  nidiator, 
and  this  as  a  rule  is  much  greater  than  in  those  of  cast  iron. 

Cast  iron  furnaces  have  the  advantage  when  coal  is  first  put 
on,  (and  tlie  drop  flues  and  radiator  are  cut  out  by  the  direct 
damper)  of  still  giving  off  heat  from  the  fire  pot,  while  in  the  case 
of  brick  linings  very  little  heat  is  given  off  in  this  way  and  the 
rooms  are  likely  to  become  somewhat  cooled  before  the  fresh  coal 
becomes  thoroughly  ignited. 

Combustion  Chamber.  The  body  of  the  furnace  above  the 
fire  pot,  commonly  called  the  dome  or  feed  section,  provides 
a  combustion  chamber.  Tliis  chamber  should  be  of  sufficient 
size  to  permit  the  gases  to  become  thoroughly  mixed  with  the  air 
passing  up  through  the  fire  or  entering  through  openings  provided 
for  the  purpose  in  the  feed  dooi*.  In  a  well-designed  furnace  this 
space  should  be  somewhat  larger  tlian  the  fire  pot. 

Radiator.  The  radiator,  so  called,  with  which  all  furnaces 
of  the  better  class  are  provided,  acts  as  a  sort  of  reservoir  in 
which  the  gases  are  kept  in  contact  with  the  air  passing  over  the 
furnace  until  they  have  parted  with  a  considerable  portion  of 
their  heat.  Rjidiatora  are  built  of  c:ist  iron,  of  steel  plate  or  of 
a  combination  of  the  two.  The  former  is  more  durable  and  can 
1)0  made  with  fewer  joints,  but  owing  to  the  difficulty  of  casting 
radiatoi-s  of  large  size,  steel  i)late  is  commonly  used  for  the  sides. 

The  effectiveness  of  a  radiator  depends  on  its  form,  its  heat- 
ing surface  and  tlie  difference  between  the  temperature  of  the 
giuses  and  the  surrounding  air.  Owing  to  the  accumulation  of 
Boot,  the  bottom  surface  l)ecomcs  practically  worthless  after  the 
furnace  lias  been  in  use  a  short  time  ;  surfaces  to  be  effective 
must  therefore  be  self-( leaning. 

If  tin*  ra(liat<^r  is  placed  near  the  bottom  of  the  furnace  the 
gases  are  surroundtMl  by  air  at  the  lowest  teinjiemture,  which 
renders  the  radiator  more  effective  for  a  given  size  than  if  phiced 
near  the  top  and  surrounded  by  warm  air.  On  the  other  hand, 
the  cold  air  lias  a  t(Miden(;y  to  condense  the  gases,  and  the  acids 
thus  formed  are  likely  to  corrode  the  inm. 

Heating  Surface.     The  different   heating  surfaces  may  be 
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described  as  follows :  Fire  pot  surface ;  surfaces  acted  upon  by 
direct  rays  of  heat  from  the  fire,  such  as  the  dome  or  combustion 
chamber;  gas  or  smoke  heated  surfaces,  such  as  flues  or  radiators 
and  extended  surfaces,  such  as  pins  or  ribs.  Suifaces  unlike  in 
character  and  location,  vary  greatly  in  heating  power,  so  that  in 
making  comparisons  of  different  furnaces  we  must  know  the  kind, 
form  and  location  of  the  heating  surfaces  as  well  jus  the  area. 

In  some  furnaces  having  an  unusually  lar^e  amount  of  sur- 
face, it  will  be  found  on  inspection  that  a  laige  part  would  soon 
become  practically  useless  from  the  accumulation  of  soot.  In 
dthers  a  large  portion  of  the  surface  is  lined  with  fire  brick,  or  is 
80  situated  that  the  air  currents  are  not  likely  to  strike  it. 

The  ratio  of  grate  to  heating  surface  varies  somewhat  accord- 
ing to  the  size  of  furnace.  It  may  be  taken  as  varying  from  1  to 
25  in  the  smaller  sizes  and  1  to  15  in  the  laiger. 

Efficiency.  One  of  the  fii-st  items  to  be  determined  in  esti- 
mating the  heating  capacity  of  a  furnace  is  its  efficiency,  that  is,  the 
proportion  of  the  heat  in  the  coal  that  may  be  utilized  for  warming. 
The  efficiency  depends  chiefly  on  the  aiea  of  tiie  heating  surface* 
as  compared  with  the  grate,  on  its  character  and  arrangement,  and 
on  the  rate  of  combustion.  The  usual  proportions  between  grate 
and  heating  surface  have  been  stated.  The  rate  of  combustion 
required  to  maintain  a  temperature  of  70*^  in  the  house  depi^nds 
of  course  on  the  outside  temperature.  In  very  cold  weather  a 
rate  of  4  to  5  pounds  of  coal  per  square  foot  of  grate  per  hour 
must  be  maintained. 

One  pound  of  good  anthracite  coal  will  give  off  about  13000 
B.  T.  U.  and  a  good  furnace  should  utilize  70  per  -<Mit.  of  this  heat. 
The  efficiency  of  an  ordinary  furnace  is  often  mucli  less,  some- 
times as  low  as  50  per  cent. 

In  estimating  the  required  size  of  a  first-class  furnaces  with 
good  chimney  draft  we  may  safely  count  upon  a  maxiuiuni  com- 
bustion of  5  pounds  of  coal  per  square  foot  of  i^rate  per  hour,  and 
may  assume  that  8000  B.  T.  U.  will  hj  utiliziMl  f.»r  wanning  pur- 
poses from  each  pound  burned.  This  (pianlity  corresponds  to  an 
efficiency  of  60  per  cent. 

Heating  Capacity.  Having  determined  the  heat  loss  from  a 
building  by  the  methods  given,  it  is  a  simple  matter  to   compute 
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the  size  of  grate  necessary  to  burn  a  sufficient  quantity  of  coal 
to  furnish  the  amount  of  heat  i*equired  for  warming. 

As  a  matter  of  illustration  we  may  consider  the  heat  delivered 
to  the  rooms  as  made  up  of  two  parts ;  first,  that  required  to  warm 
the  outside  air  up  to  70*^  (the  temperature  of  the  rooms)  and 
second,  t!ie  quantity  which  must  be  added  to  this  to  offset  tlie  loss 
through  walls  and  windows.  Air  is  usually  delivered  at  the 
registers  at  alx)ut  140  degrees  under  zero  conditions  outside  ;  tliis 
air  leaves  the  rooms  by  leakage  at  a  temperature  of  70  degrees,  (the 
normal  inside  temperature)  having  lost  one-half  its  heat  by  con- 
duction, i*adiation,  etc.,  83  that  the  heat  given  to  the  entering  air 
must  be  twice  that  which  we  have  computed  for  loss  through 
walls,  etc. 

Example.  —  The  loss  through  the  walls  and  windows  of  a 
building  is  found  to  be  80000  B.  T.  U.  i)er  hour  in  zero  weather, 
what  will  l)e  the  size  of  furnace  required  to  maintJiin  an  inside 
temi)erature  of  70  degrees? 

From  the  above  we  havj  the  total  heat  required,  equal  to 
80000  X  2  =  160000  B.  T.  U.  per  hour.  If  we  assume  that  8000 
B.  T.  U.  are  utilized  per  pound  of  coal,  then  160000  -^  8000  =  20 
pounds  of  coal  required  per  hour,  and  if  5  pounds  can  be  burned 
on  each  s(piare  foot  of  grate  per  hour,  then  y^  =z  4  square  feet 
required.  A  fire  pot  28  inches  in  diameter  has  an  area  of  4.27 
Bquare  feet  and  is  the  size  we  should  use. 

The  following  table  will  l)e  found  useful  in  determining  the 
diameter  of  fire  pot  required  : 

TABLE  V. 


AVERA(JE  DIAMETER  OK  FIRE  POT 

IN  INCHES. 

AREA  IN  SQUARE  FEET. 

18 

1.77 

20 

2.18 

22 

2.r>4 

24 

8.1 -i 

2C> 

.■5.t;o 

28 

4.27 

80 

4.01 

:',2 

;•)  58 
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If  the  outBide  terapei-ature  is  below  zero  the  method  of  com- 
putation becomes  slightly  different.  We  hive  seen  tha,t  in  zero 
weather  a  certain  quantity  of  heat  is  required  to  raise  the  temper- 
ature of  tlie  entering  air  from  zero  to  70°,  the  temperature  of  t!ie 
room,  and  that  a  second  quantity  must  then  be  added  to  raise  tlie 
temperatare  of  the  air  to  140  °,  which  is  tlie  usual  temperature 
of  delivery  at  the  registei*s.  This  last  quantity  is  to  offset  that 
lost  by  radi*ation  and  conduction,  and  must  equal  the  he  it  loss 
from  tlie  building  as  computed  by  the  factoi's  given  in  tables  III. 
and  IV.  The  air  has  been  raised  through  140  degrees  and  -^£^ 
of  the  heat  suppUed  has  been  used  to  raise  it  to  the  temperature 
of  the  room  and  has  been  lost  by  leakage ;  while  the  remaining 
iV(j^»  an  equal  amount,  lias  been  given  up  by  radiation  and  con- 
duction. In  this  case  we  have  only  to  compute  the  heat  loss  for 
radiation  and  conduction  by  the  rules  given  and  multiply  this 
result  by  2  to  obtain  the  total  amount  of  heat  to  be  supplied  by 
the  furnace. 

Now  take  a  case  where  it  is  lOdeiriees  below  zero.  If  the  air 
is  delivered  to  the  rooms  at  140  degrees  as  be* fore,  it  must  be 
warmed  through  150  degrees.  Of  the  heatsup[)lied  -^r^^  has  been 
used  to  raise  the  temperature  of  the  outside  air  to  that  of  the 
room,  and  only  ^^^  for  loss  by  radiation  and  conduction.  As  in 
the  preceding  example,  this  latter  quantity  must  equal  the  com- 
puted heat  loss  through  walls  and  windows  ;  and  as  it  is  only 
iW  ^^  -466  of  the  total  amount  of  heat  required  we  must  mul- 
tiply it  bj  1  -^  .466  =  2.14  instead  of  by  2  as  in  the  first  case 
nrhere  the  outside  tempemture  is  zero. 

In  the  same  manner  multiply  by  2.28  for  20  degre(»s  1k4ow 
stero  and  by  2.42  for  30  degrees. 


Example. —  A  brick  house  is  20  feet  wide,  and  has  4 
stories,  each  being  10  feet  in  height.  The  house  is  one  of  a  block 
and  is  exposed  only  at  the  front  and  rear.  The  walls  are  KJ 
inches  thick  and  the  block  is  so  sheltered  that  no  correction  need 
be  made  for  exposure.  Single  windows  make  up  ^  the  total 
exposed  surface.  Figure  for  cold  attic  but  warm  basement. 
Wliat  area  of  grate  surface  will  be  lecpiired  for  a  furnace  to  keep 
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the  house  at  70°  when  it  is  10°  below  zero  outside  ? 
ExjMised  surface  =  2  X  20  X  40  =  1600  sq.  ft. 
Loss  through  windows  =  200  X  93  =  18,600  B.  T.  U. 
Loss  through  walls  =  1400  X  22  =  30,800 
Loss  through  walls  and  windows  =  49,400 
Entire  heat  loss,  allowing  for  attic 

=  49,400  X  1.1  =  54,340  B.  T.  U. 
B.  T.  IT.  required  =  54,340  X  2.14  =  116,288 

^^  ^   =  2.90  sq.  ft.  of  srrate.         Ans. 

5  X  8000  ^  ^ 

Location  of  Furnace.  A  furnace  should  be  so  placed  that 
the  warm-air  pipes  will  be  of  nearly  the  same  length.  The  air 
tnivels  most  readily  througli  pipes  leading  toward  the  sheltered 
side  of  the  house  and  to  the  upper  rooms.  Therefore  pipes 
leading  toward  the  north  or  west  or  to  rooms  on  the  first  floor 
should  1)0  favored  in  regard  to  length  and  size.  The  furnace 
should  be  pLiced  somewhat  to  the  north  or  west  of  the  center  of 
the  hoiise  or  toward  the  points  of  compass  from  which  the  pre- 
vailing winds  blow. 

Smoke  Pipes.  Furnace  smoke  pipes  range  in  size  from 
about  6  inches  in  the  smaller  sizes  to  8  or  9  inches  in  the  larger 
ones.  They  are  generally  made  of  galvanized  iron  of  No.  24 
gauge  or  heavier.  The  pipe  should  be  carried  to  the  chimney  as 
directly  as  possible,  avoiding  bends  which  increase  the  resistance 
and  diminish  the  draft.  Where  a  smoke  pipe  passes  through  a 
partition  it  should  bo  protected  by  a  soapstone  or  double  perfor- 
ated metal  collar  having  a  diameter  at  least  8  inches  greater  than 
that  of  the  pi[)e.  The  top  of  the  smoke  pii)e  should  not  be  placed 
within  8  inches  of  unprotected  beams  nor  less  than  6  inches  under 
beams  protected  by  asbestos  or  plaster  with  a  metal  shield  beneath. 
A  colhir  to  make  tight  connection  with  the  chimney  should  be 
riveted  to  the  pipe  about  5  inches  from  the  end  to  prevent  its 
Ijeing  pushed  too  far  into  the  flue.  Wliere  the  pipe  is  of  unusual 
length  it  is  well  to  cover  it  to  prevent  loss  of  heat  and  the  con- 
densation of  smoke. 

Chimney  Flues.  Cliimney  flues  if  built  of  brick  should  have 
walls  8  indues  in  thickness,  unless  terra  cotta  linings  are  used, 
when  only  4  inches  of  brick  work  is  required.  Except  in  small 
houses  where  an  8  X  ^  tlue  may  be  used,  the  nominal  size  of  the 
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8moke  flue  should  be  at  least  8  X  12  to  allow  for  contractions  or 
ofiEsets.  A  clean-out  door  should  be  placed  at  the  bottom  of  the 
flue  for  removing  ashes  and  soot.  A  square  flue  cannot  be 
reckoned  at  its  full  area  as  the  corners  are  of  little  value.  To 
avoid  down  drafts  the  top  of  the  chimney  must  be  carried  al>ove 
the  highest  point  of  the  roof  unless  provided  with  a  suiUible  hood 
or  top. 

Cold-Air  Box.  The  cold-air  box  should  be  large  enough  to 
supply  a  volume  of  air  sufficient  to  fill  all  the  liot-air  pipes  ut  the 
same  time.  If  the  supply  is  too  small,  the  distribution  is  sure  t^) 
be  unequal  and  the  cellar  will  become  overheated  from  lack  of  air 
to  carry  away  the  heat  generated. 

If  a  box  is  made  too  small  or  is  throttled  down  so  that  the 
volume  of  air  entering  the  furnace  is  not  large  enough  to  fill  all 
the  pipes  it  will  be  found  that  thase  leading  to  the  less  exposed 
side  of  the  house  or  to  the  upper  roonts  will  take  the  entire  supply, 
and  tliiit  additional  air  to  supply  tlie  di^ficuencA'  will  l)e  drawn 
down  through  registers  in  rooms  less  favorably  situated.  It  is 
common  practice  to  make  the  area  of  the  cold-air  lx)x  three-fourths 
the  combined  area  of  the  hot-air  pipes.  The  inlet  should  I)o 
placed  where  the  prevailing  cold  winds  will  blow  into  it  ;  this  is 
commonly  on  the  north  or  west  side  of  the  house.  If  it  is  i»laced 
on  the  side  away  fi-om  the  wind,  warm  air  from  the  furnace  is 
likely  to  be  drawn  out  through  the  cold-air  boy. 

Whatever  may  hi  the  h»cation  of  the  entrance  to  the  cold-air 
box,  changes  in  the  direction  of  the  wind  may  take  place  which 
will  bring  the  inlet  on  the  wrong  side  of  the  house.  To  prevent 
the  possibility  of  such  changes  affecting  the  action  of  the  furnace 
the  cold-air  box  is  sometimes  extendtnl  through  the  hoase  and  left 
open  at  both  ends,  with  (jlieek-dauipei-s  arran«jjed  U)  preveiit  hack 
drafts.  These  checks  should  be  placed  sonit^  <listance  from  the 
eutrance  to  prevent  their  l)ecoming  (•log«jr<»(l  with  show  or  sleet. 
The  cold-air  lx>x  is  generally  ma<le  «>f  matehed  boards,  but  g;il- 
Tanized  iron  is  much  l)etter ;  it  costs  more  than  wood  but  is  wtdl 
worth  the  extra  expense  on  account  of  tiijfhtuess  which  keeps  the 
dust  and  ashes  from  l>eing  drawn  into  tlie  furnace  Ctising  to  be 
discharged  through  the  registers  into  the  rooms  al>ove. 

The  cold-air  inlet  should  be  covered  with  galvanized  wire 
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netting  with  a  nieah  of  at  least  three-eigliths  of  an  inch.  The 
fnune  U)  which  it  is  attached  sIiouM  not  be  smaller  than  the  inside 
dimensions  of  the  cohl-air  box.  A  door  to  aihuit  air  from  tlie 
cellar  to  the  cold-aii-  Iwx  is  geiienilly  provided.  As  a  rule  air 
tiiiould  hu  taken  frain  this  source  only  wlien  the  house  is  tcin- 
ponirily  un^wcupied  or  during  high  winds. 

Return  Duct.  In  some  ciises  it  is  desirable  to  return  air  to 
the  fnriiiice  from  the  rooms  above,  to  be  relieated.  Dncts  for  this 
puipuse  ai-e  common  in  places  where  the  winter  temperature  is 
frequently  below  zero. 
Return  ducts  when  used, 
should  be  in  addition  to 
tlie  regular  cold-air  box. 
Fig,  31  shows  ii  com- 
nton  method  of  making 
ttie  connection  between 
the  two.  Ry  proi>er 
adjustment  of  the  swing- 
ing dam[)er  the  air  can 
]k  taken  eitlierfitim  out 
of  doors  or  through  the 
register  from  the  room 
above.  The  return 
'"       ■  register  is  often  placed 

V  f  t  house  so  that  it  will  take  the  cold  air  which 
.11  th(  (hxir  is  opeuetl  and  also  that  which  niiiy  leak 
iviule  cloBi'd.  Check  valvi's  or  fliqw  of  light  go.ssa- 
1  (liiili  should   Ik"  [iliici-il   hi-tween  the  cold-air  box 
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and  the  registers  to  prevent  hack  drafts  during  winds. 

The  return  duct  shouM  not  lie  used  too  freely  at  the  expense 
of  outdoor  air,  and  its  use  is  not  rocom mended  exce[)t  during  tlie 
night  wlii-n  air  is  iidinitti'd  t)  the  sleeping  rooms  through  open 
windows. 

Warm-Air  Pipes.  The  required  si/.e  of  the  warm-air  j)i|>e  to 
.my  given  rooiu  depends  upon  tlie  heat  loss  from  the  room  and  the 
vohirni;  of  warm  air  reipiired  to  offset  this  loss.  Kach  cubic  foot 
of  air  \s-arnied  fmiu  zero  to  140  degrees  biings  into  a  room  2,2 
li.  T.  11.     We  Imvo  alre;uly  .seen  lliat  in  zero  weather  with  the  air 
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entering  the  registers  at  140  degrees,  only  one-half  of  the  heat 
contained  in  the  air  is  available  for  oflFst^tini'  the  losses  bv  radiii- 
tion  and  conduction,  so  that  only  1.1  B.  T.  U.  in  each  cubic  foot 
of  entering  air,  can  be  utilized  for  wanning  purposes.  Therefore 
if  we  divide  the  computed  lioat  loss  in  B.  T.  U.  from  a  room,  l)y 
1.1  it  will. give  the  numlKM-  of  cubic  feet  of  air  at  140  degret\s 
necessary  to  warm  the  room  in  zero  weather. 

As  the  outside  temperature  becomes  colder  the  quantity  of 
heiit  brought  in  per  cubic  foot  of  air  increases,  but  the  proportion 
available  for  wanning  purposes  becomes  less  at  nearly  tlie  sann* 
rate,  so  that  for  all  practical  purposes  we  may  use  the  figure  1.1 
for  all  usual  conditions.  In  calculating  the  size  of  pipe  required, 
we  may  assume  maximum  velocities  of  280  and  400  feet  per 
minute  for  rooms  on  the  first  and  second  floors  respectively. 
Knowing  the  numl)er  of  cubic  feet  of  air  per  minute  to  be  delivered, 
we  can  divide  it  by  the  velocity,  which  will  give  us  tlie  required 
area  of  the  pipe  in  square  feet. 

Round  pipes  of  tin  or  galvanized  iron  are  used  for  this  pur- 
pose. Tlie  following  table  will  be  found  useful  in  di^terminini^ 
the  required  diameters  of  pipe  in  inclies. 

TABLE  VL 


DIA.  OF  PIPE  IN  INCHES. 

AREA  IN  SQ.  INCHES. 

ARKA  IN  SQUA.iK   Ki- 

6 

28 

.19t} 

7 

88 

.207 

8 

50 

.349 

9 

64 

.442 

10 

79 

.545 

11 

95 

'  .WO 

12 

l];j 

.(8o 

18 

l;{3 

.922 

14 

154 

1.07 

16 

177 

1.23 

16 

201 

1.40     . 

Example. — The  heat  loss  from  a  room  on  the  s(^coiid  llanr  i^ 
22,000  B.  T.  U.,  per  hour.  What  diami»t«M-  of  warm  air  pi^x?  will 
be  required? 
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22,000  -T-  1.1  ■=  20,000  =  cubic  feet  of  air  required  per  hour. 
20,000  ^  60  =  333  per  minute.  Assuming  a  velocity  of  400  feet 
|)er  minute  we  have  333  -^  400  =  .832  square  feet,  which  is  the 
area  of  pipe  required.  Referring  to  table  VI.  we  find  this  comes 
between  a  12  and  13-inch  pipe  and  tlie  larger  size  would  probably 
be  chosen. 

Example. —  A  fust  floor  room  has  a  computed  loss  of  33,000 
H.  T.  r.  per  hour  wIumi  it  is  10°  Inflow  zero.  The  air  for  warming 
is  to  enter  through  two  pipes  of  equal  size,  and  at  a  temperature 
of  140  degrees.     What  will  be  the  required  diameter  of  the  pipes? 

There  will  1x3  needed  33,000  -f-  1.1  =  30,000  cubic  feet  of 
air  per  hour,  or  500  cubic  feet  per  minute.  At  a  velocity  of  280 
feet  per  minute,  the  pipe  area  nuist  be  oOO  -^  280  =  1.786. 
This  is  conveniently  obtiiined  by  two  13-inch  pipes. 


^f^ 


Fig.  22 


Fig.  33. 


Since  long  horizontal  runs  of  pipe  increase  the  resistance  and 
loss  of  heat,  they  sliould  not  in  general  be  over  15  feet  in  length. 
This  a[)pUes  especially  to  pip(»s  leading  to  rooms  on  the  first  floor 
or  to  tliosc  oil  the  cold  side  of  the  house.  Pipes  of  excessive 
length  should  be  increased  in  size  because  of  the  added  resistance. 

Fi*^s.  o2  and  3o  show  conunoii  methods  of  running  the  pipes 
in  the  basement.  Tlio  fu-st  gives  the  best  results  and  should  be 
used  where  the  basement  is  of  suffi(;ient  height  to  allow  it.  A 
<laini)er  should  1m»  placed  in  each  pipe  near  the  furntace  for  regulat- 
ing tlie  flow  of  air  to  the  lilYerent  rooms  or  for  slmtting  tbeiu  off 
entirely  when  desired. 
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WTiile  round  pipe  risers  give  the  best  results,  it  is  not  always 
possible  to  provide  a  sufficient  space  for  them,  and  fiat  or  oval  pipes 
are  substituted.  When  vertical  pipes  must  be  placed  in  single 
partitions,  much  better  results  will  be  obtained  if  the  studding 
can  be  made  5  or  6  inches  deep  instead  of  4  as  is  usually  done. 
Flues  should  never  in  any  case  be  made  less  than  S^  inches  in 
depth.  Each  room  should  be  heated  by  a  separate  pipe.  In  some 
cases  however,  it  is  allowable  to  run  a  single  riser  to  heat  two 
unimportant  rooms  on  an  upper  floor.  A  clear  space  of  at  least 
I  inch  should  be  left  between  the  risers  and  studs  and  the  latter 
should  be  carefully  tinned,  and  the  space  between  them  on  both 
sides  covered  with  tin,  asbestos  or  wire  lath. 

The  following  table  gives  the  capacity  of  oval  pipes.  A  6- 
inch  pipe  ovaled  to  5  means  that  a  6-inch  pipe  has  been  flattened 
out  to  a  thickness  of  5  inches  and  column  2  gives  the  resulting 
area. 

TABLE   VIL 


DIMENSION 

OF  PIPE. 

AREA   IN   SQCTABB  INCHES. 

6 

ovaled  to  5 

27 

7 

u 

44     4 

81 

7 

t( 

"3J 

29 

7 

u 

"  0 

38 

8 

(t 

"  5 

43 

9 

it 

44    4 

45 

10 

i( 

"3} 

46 

9 

u 

"  6 

67 

9 

u 

"  5 

61 

11 

(( 

44   4 

58 

12 

u 

"  H 

65 

10 

(( 

«  6 

67 

11 

ti 

»  5 

67 

14 

44 

4.    4 

76 

15 

44 

»  H 

73 

12 

44 

«  6 

85 

12 

(4 

«  5 

75 

19 

44 

44     4 

96 

20 

44 

"3| 

100 

Having  determined  tlie  size  of  round  pipe  required,  an  equiva- 
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lent  oval  pipe  can  be  selected  from  the  table  to  suit  the  space 
available. 

Registers.  The  reoristei-s  which  control  the  supply  of  warm 
air  to  the  rooms,  generally  have  a  net  area  equal  to  two-thirds  of 
their  gross  area.  The  net  area  should  be  from  10  to  20  per  cent 
greater  than  the  area  of  the  pipe  connected  with  it.  It  is  com- 
mon practice  to  use  rogistei-s  having  the  short  dimension  equal  to, 
and  the  long  dimension  about  one-half  greater  than  the  diameter 
of  the  pipe.  This  would  give  the  following  standard  sizes  for 
different  diameters  of  pipe. 

TABLE   VIII. 


DIAMKTKU    OF    IMPB. 


SIZB   OF    RBGISTBU. 


7 

8 
9 
10 
11 
12 
13 
14 
15 
16 


6  X  10 

7  X  10 
8X12 
9X  14 

10  X  15 

11  X  16 

12  X  17 
14  X  20 

14  X  22 

15  X  22 

16  X  24 


Combination  Systems.  A  combination  system  for  heating 
by  hot  air  siiid  hot  water  consists  of  an  ordinary  furnace  with 
some  foi ill  of  siirfaie  f(n'  heating  water,  placed  either  in  contact 
with  tlie  fir^'  or  suspended  above  it.  Fig.  34  shows  a  common 
irrangement  where  part  of  tlie  heating  surface  forms  a  portion  of 
the  linin;^  to  the  fire  pot  and  the  remainder  is  above  the  fire. 

Care  must  ho  taken  to  properly  proportion  the  work  to  be 
done  by  the  air  and  the  water,  else  one  will  opeitite  at  the  expense 
of  the  other.  One  scjiuire  foot  of  heating  surface  in  contact  with 
the  fire  is  capable  of  supplying  from  40  to  50  square  feet  of  mdi- 
ating  surface,  and  one  square  foot  suspended  over  the  fire  will 
supply  f^'om  If)  to  25  square  feet  of  radiation. 

Care  and  Management.  The  following  general  rules  apply 
to  the  management  of  all  hard  coal  furnaces. 
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or  less  vigorously.  The  ashes  will  hold  the  heat  and  render  it  an 
easy  matter  to  maintiiin  and  control  the  fire.  When  feeding  coal 
on  a  low  fire,  open  the  drafts  and  neither  rake  nor  shake  the  fire 
till  the  fresh  coal  becomes  ignited.  The  air  supply  to  the  fire  is 
of  the  greatest  importance.  An  insuiB.uent  amount  results  in 
incomplete  combustion  aud  a  great  loss  of  heat.  To  secuiv 
proper  combustion  tlie  fire  should  be  controlled  principally  by 
means  of  the  ash  pit,  through  the  ash  pit  door  or  slide. 

The  smoke  pi{>e  damper  should  be  o{)ened  only  enough  to 
carry  off  the  gas  or  smoke  and  to  give  the  necessary  draft.  The 
openings  in  the  feed  door  act  as  a  check  on  the  fire  and  should  be 
kept  closed  during  cold  weather,  except  just  after  firing,  when 
with  a  good  draft  they  may  be  partly  opened  to  increase  the  air 
supply  and  promote  the  proper  combustion  of  the  gases. 

Keep  the  ash  pit  clear  to  avoid  warping  or  melting  the  grate. 
The  cold-air  box  should  be  kept  wide  open  except  during  winds 
or  when  the  fire  is  low.  At  such  times  it  may  be  partly,  but 
never  completely  closed.  Too  much  stress  cannot  be  laid  on  the 
importance  of  a  sufficient  air  supply  to  the  furnace.  It  costs 
little  if  any  more  to  maintain  a  comfortable  temperature  in  the 
house  night  and  day  than  to  allow  the  rooms  to  become  so  cold 
during  the  niglit  that  the  fire  must  be  forced  in  the  morning  to 
warm  them  up  to  a  comfortable  temperature. 

In  case  the  warm  air  fails  at  times  to  rrach  certain  rooms 
it  may  be  forced  into  them  by  temporarily  closing  the  registers 
in  other  rooms.  Tlie  current  once  established  will  generally  con- 
tinue after  the  other  registers  have  been  opened. 

It  is  best  to  burn  as  hard  coal  as  the  draft  will  warrant. 
Egg  size  is  better  than  larger  coal,  since  for  a  given  weight  small 
lumps  expose  more  surface  and  ignite  more  quickly  than  larger 
ones.  The  furnace  and  smoke  pipe  should  be  thoroughly  cleaned 
once  a  year.  This  sliould  be  done  just  after  the  fii'e  has  been 
allowed  to  go  out  in  the  spring. 

STEAM  BOILERS. 

TypcB.  The  boilei-s  used  for  heating  are  the  same  as  have 
already  been  described  for  power  work.     In  addition  there  is  the 
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cast-iron  eectionnl   boiler,  which  is  alinoBt  cxchisively  used  for 
dwelling  houses. 

Sectional  Boilers.  l''ig'  35  sliow.'j  ii  cumiiioii  fi)rni  of  i-a.st- 
iniii  boiler.  It  i»  made  up  of  sliilis  or  sec-tions,  uach  one  of  ^vliich 
iBconiiecteil  by  nipples  with  headers  at  tbe  siiles  ami  top.  The 
tnp  header  acts  as  a  steam  drum  and  the  bwer  oiie.s  act  m  mud 
drums;  they  alao  receive  the  wat^f  of  condensation  fioin  tlie 
miliators.    The  gases  frani   the  liie  ]ia»is  iKtckwai'd  and  furvvaiil 


(hrough  flues  and  are  finally  taken  off  at  ttie  rear  of  the  boiler.  The 
ratio  of  heating  to  grate  surface  in  this  type  of  boiler  langes 
from  16  to  25  in  the  best  makes.  Tliey  are  prttviiled  with  the 
asnal  attachments,  such  as  pressui-e  giLgo,  water  ghibs,  gage  cocks 
and  safety  valve ;  a  low-pressure  damper  legulator  Ls  furnished  for 
operating  the  draft  doors,  thus  keeping  tlie  steam  pressuie  pnicti- 
nlly  constant.     A  pressure  of   from   1  to  -5   pounds   is  usuallv 
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carried  on  these  Iwilera  (iepeiiilliig  ujion  lliu  oateide  teinperatun 
Tlie  usunl  cettii^  is  eimply  &  covi-ring  of  Gonie  kinil  of  non-l 
conducting  material  like  plastic  iiiagaesia  or  asbestos,  nltbougkF 
Bouie  forma  are  enclosed  in  liglit  brickwork.  Fig.  36  sliowt  onM 
nf  tliia  kind  with  part  of  tlie  sotting  removfd.  In  computing  tliaj 
required  size  we  may  proceeil  in  the  same  nmnncr  us  in  tlid  c 


rt-'i: 


Pig.  38. 

of  a  furnace.     For  tlie  best  types  ive  nmy  assume  a  combustioRl 
of  5   jiiiuiids  of  coal  per  sqiiaie  foot  of  grate  per  hour,  and  ana 
average  efficiency  of  60  per  cent,  which  corresjKinds  to  8,00( 
B.  T.  U.  per  pound  of  coal,  available  for  useful  work. 

Ill  the  case  of  direct  steam  healing  we  have  only  to  su))pl]fj 
beat  to  offsL't  that  Inst  by  radiation  and  conduotiiin,  so  the  grata 
area  may  !«)  found  by  dividing  the  computed  heat  loss  per  hour  b 
8,000  whioli  gives  the  number  of  pounds  of  vam\,  and  this  in  turn 
divided  by  5  will  give  tlie  area  of  grate  required.  The  ni'wi 
efficient  rate  of  combustion  will  depend  somewhat  upon  the  ratid 
between  the  grate  and  beating  surface.    It  has  been  fioand  I 
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experiment  that  about  ^  of  a  pound  of  coal  per  hour  for  each 
square  foot  of  heating  surface  gives  the  best  results,  so  that  by 
knowing  the  ratio  of  heating  surface  to  grate  area  for  any  make 
of  heater  we  may  easily  compute  the  most  efficient  rate  of  combus- 
tion and  from  it  determine  the  necessary  grate  area. 

For  example  —  The  heat  loss  from  a  building  is  480,000 
B.  T.  U.  per  hour ;  we  wish  to  use  a  heater  in  which  the  ratio  of 
heating  surface  to  grate  area  is  24,  what  will  be  the  most  efficient 
rate  of  combustion  and  the  required  grate  area  ?  480,000  -^  8,000 
=  60  pounds  of  coal  per  hour,  and  24  -^  4  =  G.  whicli  is  the  lx5st 
rate  of  combustion  to  Employ,  therefore  60  -f-  6  =  10,  the  grate 
area  required. 

Example.—  The  heat  loas  from  a  building  is  168,000  B.  T.  U. 
per  hour  and  the  chimney  draft  is  such  that  not  over  3  pounds  of 
coal  per  hour  can  be  burned  per  square  foot  of  grate.  What  ratio 
of  heating  to  grate  area  will  be  necessary  and  wliat  will  be  the 
required  grate  area  ? 

The  coal  necessaiy  is  168,000  -^-  8000  =  21  pounds  per 
hour,  requiring  7  square  feet  of  grate  surface  at  the  givt»n  nite  of 
combustioni  Allowing  J  pound  per  stjuare  foot,  we  nt*ed  21  -^  | 
=  84  square  feet  of  heating  surface,  and  this  gives  a  ratio  of 
84  ^  7  =  12.         Ans. 

Cast  iron  sectional  boilers  ai-e  used  for  dwelling  liouses,  small 
achoolhouses,  churches,  etc.,  where  low  pressures  are  carried. 
They  are  increased  in  size  by  adding  more  slabs  or  sections. 
After  a  certain  length  is  reached  tlie  rear  sections  Ixjconie  less  and 
less  efficient,  thus  limiting  the  size  and  power. 

Tubular  BDilers.  Tubular  boilers  are  largely  used  for  heat- 
ing purposes,  and  are  adiipted  to  all  classes  of  buihlings  exc(»pt 
dwelling  houses  and  the  special  cases  mentioned  for  which 
sectional  boilers  are  preferable.  The  capacity  of  this  type  of 
boiler  is  usuiiUy  stated  as  so  many  horse-power,  and  the  method  of 
determining  the  size  is  different  from  that  jitst  described.  A  lK)iler 
horse-power  has  been  defined  as  the  evaporation  of  '54.]  pounds  ol 
water  from  and  at  a  tempei*ature  of  212  degrees,  and  in  doing  this 
83,317  B.  T.  U.  are  absorl)ed,  which  are  again  given  out  when 
flie  steam  is  condensed  in  the  radiators.  Hence  to  find  the  boiler 
H.  P.  required  for  warming  any  given  building  we  have  oulv  to 
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compute  the  lieat  loss  per  hour  by  the  methods  already  given  and 
divide  the  result  by  33,330.  It  is  more  common  to  divide  by  the 
numl)er  33,000,  whiv3h  gives  a  slightly  larger  boiler  and  is  on  the 
side  of  safety.  The  ratio  of  heating  to  grate  surface  in  this  tyin*  of 
boiler  ranges  fix)ni  30  to  40  and  thiirefore  allows  a  combustion  of 
from  8  to  10  pounds  of  coal  per  square  foot  of  grate.  This  is 
easily  obtained  with  a  good  chimney  draft  and  careful  firing. 
The  larger  the  boiler,  the  more  importiint  the  plant  usually,  and 
the  greater  the  care  bestowed  uiyon  it  so  that  we  may  generally 
count  on  a  higher  rate  of  combustion  and  a  greater  efficiency  as 
the  size  of  the  boiler  increases.  The  following  table  will  be  found 
useful  in  determining  the  size  of  boiler  required  under  different 
conditions.  The  grate  area  is  computed  for  an  evaporation  of  8 
jwunds  of  water  per  pound  of  coal,  which  corresponds  to  an  effi- 
ciency of  about  60  per  cent  and  is  about  the  average  obtained 
in  practice  for  heating  boilers. 

The  areas  of  upUike  and  smoke  pipe  are  figured  on  a  Ixisis  of 

1  square  foot  to  7  square  feet  of  grate  surface  and  the  results  given 
in  round  n umbel's.  In  the  smaller  sizes  the  relative  size  of  smoke 
pipe  is  greater.  The  rate  of  combustion  runs  from  6  pounds  in 
the  smaller  sizes  to  lli^  in  the  larger.  Boilers  of  the  proportions 
given  in  the  titble,  correspond  well  with  those  used  in  iictual 
practice  and  may  l)e  relied  upon  to  give  good  results  under  all 
ordinary  conditions. 

Wafer'tuhe  hollers  are  often  used  for  heating  purposes  but 
more  especially  in  conne(*.tion  with  power  plants.  The  method 
of  computing  the  required  II.  P.  is  the  same  as  for  tubular 
boilei*s. 

Horse  Power  for  Ventilation.  We  already  know  that  one 
B.  T.  U.  will  raise  the  temperature  of  1  cubic  foot  of  air  55  degrees, 
or  it  will  raise  100  cubic  feet  ^J-^  of  55  or  ^^f-j-  of  1  degree,  there- 
fore to  raise  100  cubic  feet  1  degree  it  will  take  1  -^  ;^^^  or  J^^^^ 
B.  T.  U.,  and  to  raise  100  cubic  feet  through  100  degrees  it 
would  tjikc  \^S^~  X  100  B,  T.  U.  In  other  words,  the  B.  T.  U.  re- 
quired  to  raise  any  given  volume  of  air  through  any  number  of 
degrees  in  temperature  is  equal  to 

Volume  of  air  in  cubic  ft.  X  Degrees  raised 
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TABLE  IX. 

Diameter 

of  Shell 

In  Inches. 

Number 
of  Tabes. 

Diameter 
of  Tubes 
In  Inches. 

Length 

of  Tubes 

in  Feet. 

Horse 
Power. 

8.5 

Size  of 

Grate  in 

Inches. 

Size  of 

Uptake 

in  lncbc'8. 

10  X  14 

Size  of 

smf>k(>pi|i€ 

io  sq.  in. 

30 

28 

2H 

6 

24  X  n6 

140 

7 

0.0 

24  X  :)6 

10  X  14 

140 

8 

11.2 

24  X  :M) 

10  X  14 

1^0 

0 

12.6 

24x42 

10x14 

140 

10 

14.0 

24x42 

10  X  14 

140 

86 

34 

2>i 

8 

13.6 

:iO  X  m 

10  X  16 

im 

0 

15.3 

30x42 

10  X  18 

180 

10 

16.0 

30  X  42 

10  X  18 

180 

11 

18.6 

30x48 

10x20 

200 

12 

20.0 

30x48 

10  X  20 

200 

42 

84 

8 

0 

18.5 

36x42 

10x20 

200 

10 

20.5 

36  X  42 

10x20 

2W 

11 

22.5 

30x48 

10  X  25 

250 

12 

24.5 

36  x  48 

10  X  25 

250 

18 

26.5 

36x48 

10x28 

280 

14 

28.5 

36x54 

10  X  28 

280 

48 

44 

8 

10 

30.4 

42x48 

10x28 

280 

11 

33.2 

42  X  48 

10x28 

2^ 

12 

35.7 

4^x54 

10  X  :52 

320 

18 

38.3 

42  X  54 

10x32 

320 

14 

40.8 

42x60 

10  X  30 

3<K) 

15 

43.4 

42x60 

10  X  36 

300 

16 

45.0 

42x60 

10x30 

300 

(4 

54 

8 

11 

:^.6 

48  X  54 

10x38 

380 

12 

37.7 

4S  X  54 

10x38 

380 

13 

40.8 

48  X  04 

10  x  38 

380 

14 

43.0 

48  X  54 

10  x  38 

380 

15 

47.0 

48x60 

10x40 

400 

16 

50.1 

4Sx60 

10x40 

400 

46 

3^ 

17 

53.0 

48  X  60 

10x40 

400 

ao 

72 

8 

12 

48.4 

54x60 

12x40 

400 

13 

52.4 

54  xfM) 

12x40 

400 

14 

56.4 

54x60 

12x40 

400 

15 

60.4 

54x66 

12x42 

500 

16 

64.4 

54  x  r>(\ 

12x42 

500 

64 

^H 

17 

71.4 

54x72 

12  X  48 

550 

18 

75.6 

54x72 

12x48 

550 

06 

90 

8 

14 

70.1 

60x66 

12x48 

500 

15 

75.0 

60x72 

12  X  52 

620 

16 

80.0 

6')x72 

12  X  52 

020 

78 

8^ 

17 

86.0 

<50x78 

12  X  50 

070 

18 

01.1 

60x78 

12  X  .Vi 

070 

10 

06.2 

♦K)x78 

12  X  50 

070 

62 

4 

20 

03.1 

60x78 

12x50 

070 

It 

114 

8 

14 

87.4 

66x72 

12x56 

070 

15 

03.6 

66x72 

12x56 

670 

16 

00.7 

66x78 

12x62 

740 

M 

8^ 

17 

106.4 

66  X  78 

12  X  02 

740 

18 

112.6 

66x84 

12x66 

700 

10 

118.8 

66x84 

12x66 

700 

78 

4 

20 

107.:^ 

66x84 

12x66 

700 

297 
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Kxample  —  How  many  B.  T.  U.  are  required  to  raise  100,000 
cubic  feet  of  air  70  degrees  ? 

100,000  X  70  ^    ^  ^ 
'-j^ =  127,272  + 

To  compute  the  H.  P.  required  for  the  ventilation  of  a  build- 
ing we  multiply  the  total  air  supply  in  cubic  feet  per  hour  by  the 
numlHjr  of  degrees  through  which  it  is  to  be  raised,  and  divide  the 
result  by  55.  This  gives  the  B.  T.  U.  per  hour,  which  divided 
by  38,000  will  give  the  II.  P.  required.  In  using  this  rule  always 
tabe  the  air  supply  in  cubic  feet  per  hour. 

Example. —  A  high  school  has  10  class  rooms,  eivch  occupied  by 
50  [)U[)ils.  Air  is  to  be  delivered  to  the  rooms  at  a  temperature  of 
70  degrees.  What  will  be  the  total  H.  P.  required  to  heiit  and 
ventilate  the  building  when  it  u  10  degrees  below  zero  if  the  heat 
loss  through  walls  and  windows  is  1,320,000  B.  T.  U.  per  hour? 

Cubic  feet  of  air  =  3000  X  10  X  50  =  1,500,000 

To  heat  this  (juantity  we  need 

ViOO^OX  80  ^  2^^81,800     B.  T.  U. 

Total  B.  T.  U.  =  1,500,000  +  2,181,800  =  3,501,800 
Boiler  II.  P.  =  8,501,800  -^  33,000  =  106.         Ans. 

DIRECT  STEAM  HEATING. 

Types  of  Radiatins:  Surface.  The  radiation  used  in  direct 
stt^iin  heating  i.^?  made  up  of  cast  iron  radiators  of  various  forms, 
pi[>(^  radiators  and  circulation  coils. 

Cast  Iron  Radiators.  The*,  general  form  of  cast  iron  sec- 
tional radiatoi-s  has  l)een  shown  in  Fig.  2.  They  are  made  up  of 
soc'tions,  the  number  depending  upon  the  amount  of  heating  sur- 
face required.  Fig.  37  shows  an  intermediate  section  of  a  radiator 
of  this  type.  It  is  simply  a  loop  with  inlet  and  outlet  at  the 
bottom.  The  end  sections  are  the  same,  except  they  have  legs  jw 
shown  in  Fiij.  38.  These  sections  are  connected  at  the  bottom 
by  speeial  ni[)ples  so  that  steam  entering  at  the  end  fills  the 
V)ottom  of  the  radiator,  and  being  lighter  than  the  air  rises  through 
the  loops  and  forcv^s  the  air  downward  and  toward  the  farther  end, 
where  it  is  discharged  through  an  air-valve  placed  about  midway 
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of  the  last  section.  There  are  many  different  desij^iis  varying  in 
he^ht  iind  width,  to  suit  all  conditions.  The  wall  pattern  sliown 
in  Fig.  4  is  very  convenienk  when  it  is  desired  to  place  the  radi- 
ator above  the  floor,  as  in  bath  rooms,  etc.  ;  it  is  aUo  a  convenient 
form  to  place  under  the  windows  of  lialls  and  churches  to  cnuntei':u>t 
the  effect  of  cold  down  drafts.  It  is  adapted  to  nearly  every  place 
where  the  ordinary  direct 
mdiator  can  be  used  and  may 
be  connected  up  in  different 
ways  to  meet  the  various 
lequiremente. 

Pipe  Rodlatora.  This 
type  of  radiator  (see  Fig,  8) 
in  made  up  of  wrought  iron 
pipes  screwed  into  a  cast  iron 
base.  The  pipes  are  either 
connected  in  pairs  at  the  top 
l»y  return  bends  or  e-wh  sepa- 
rate tube  has  a  thin  metal 
diapbr^m  passing  up  the 
center  nearly  to  the  top.  It 
is  necessary  that  a  loop  lie 
formed  else  a  "  dead  end  "  would  occur.  Tliis  would  Ixiconte  Tilled 
with  air  and  prevent  strain  fi-oni  entering,  thn;:  (;:iusing  portions 
«[  the  radiator  to  remain  cold.  For  a  given  surface  the  iiventge 
1  ipe  radiator  is  more  efficient  than  tlie  cast  iron  sectional  radiator. 


A 


iiJ 
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Fig.  39. 


Circulation  Colls.  These  ai'e  usually  made  up  of  1  or  1  \- 
inch  wroDght  iron  pipe,  and  may  be  hung  on  tlie  walls  of  a  room 
hy  means  of  book  plates  or  satpended  overhead  on  liangeru  iin<l 
nth. 

Fig.  89  shows  a  common  form  for  schoolhoune  and  similar 


54 


HEATING  AND  VENTILATIOIT. 


work ;  this  coil  is  usually  made  of  1^-inch  pipe  screwed  into 
'*  lieadtM-s  "  or  *"  branch  tees  "  at  the  ends,  and  is  hung  on  the  wall 
just  bolow  the  windows.  This  is  known  as  a  "branch  coil."  Fig. 
40  shows  a  '^  tronil)one  coil,"  which  is  commonly  used  when  the 
pipes  cannot  turn  a  corner,  and  where  the  entire  coil  must  be 
platted  ui>on  one  side  of  the  room.  Fig.  41  is  called  a  "miter 
coil,"  and  is  used  under  the  same  conditions  as  a  trombone  coil  if 


Fig.  40. 

tliere  is  room  for  the  vertical  portion.  This  form  is  not  as  pleas- 
ing in  apjx?iii*ance  as  either  of  the  other  two  and  is  only  found  in 
factories  or  shops  where  lix)ks  are  of  minor  im|)ortanee. 

Oveiliead  coils  are  usually  of  the  "miter  "form  laid  on  the 
side  and  susjwndcd  alnnit  a  foot  fi-om  the  ceiling;  they  are  less 
efficient  than  when  placed  nearer  the  floor,  as  the  warm  air  stays 
at  the  ceiling  and  the  lower  part  of  the  room  is  likely  to  i-emaiu 
cold.  They  are  only  used  when  wall  coils  or  radiators  would  be 
in  the  way  of  fixtures  or  when  they  would  come  below  the  water 


Fig.  41. 

line  of  tlic  boiler  if  placed  near  the  floor.  A  coil  should  never 
\h'  made  uj)  as  shown  in  V\cr,  42,  as  unequal  expansion  of  the 
pipes  would  cause  stiaius  which  would  soon  result  in  leaky  joints. 
When  steam  is  tirst  turned  on  a  coil  it  usually  passes  through  a 
j)ortion  (»f  the  j)ipcs  first  and  heats  them  while  the  othei*s  remain 
cold  and  full  of  air.  Therefore  the  coil  must  always  be  made  up 
in  such  a  way  that  eacli  pipe  shall  have  a  certain  amount  of  spring 
and  may  expand  independently  wit  luuit  bringing  undue  stnuns  upon 
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the  others.  Circulation  coils  should  incline  about  1  inch  in  20 
feet  toward  the  return  end  in  order  to  secure  pr()[)or  drainage  and 
quietness  of  operation. 

Efficiency  of  Radiators.  The  efficiency  of  a  radiator,  that  is, 
the  B.  T.  U.  which  it  gives  off  per  square  foot  of  surface  per  hour, 
depends  upon  the  difference  in  temperature  between  the  steam  in 
the  radiator  and  the  surrounding  air,  the  velocity  of  the  air  over 
the  radiator,  and  the  quality  of  the  surface,  whether  smooth  or 
rough.  In  ordinary  low-pressure  heating  the  first  condition  is 
practically  constant,  but  the  second  varies  somewhat  with  the 
pattern  of  the  radiator.  An  open  design  which  allows  the  air  to 
circulate  freely  over  the  radiating  surfaces  is  more  efficient  than  a 
close  pattern  and  for  this  reason  a  pipe  coil  is  more  efficient  than 
a  radiator. 

In  a  large  number  of   tests  of  cast  iron  radiatoi*s,  working 


Fig.  42. 

under  usual  conditions,  the  heat  given  off  per  square  foot  oC  sur- 
face per  hour,  for  each  degree  difference  in  temperature  between 
the  steam  and  surrounding  air,  was  found  to  vary  from  about  1.3 
to  1.7  B.  T.  U.  The  tempemture  of  steam  at  3  pounds  pressure 
ip  220  degrees,  and  220  —  70  =  150,  which  may  be  taken  as  the 
average  difference  between  the  temperature  of  the  steam  and  the 
air  of  the  room,  in  ordinary  low-pressure  work.  If  we  take  the 
mean  of  the  above  results,  that  is,  1.5  we  shall  Imve  150  X  1-5  = 
225  B.  T.  U.  as  the  efficiency  of  an  average  cast  iron  radiator.  A 
circulation  coil  matle  up  of  pipes  from  1  to  2  inches  in  diameter 
will  easily  give  off  300  B.  T.  U.  under  the  same  conditions,  and 
a  shallow  pipe  radiator  of  standard  height  may  be  safely  counted 
upon  to  give  260.  These  efficiencies  are  lower  than  are  given  by 
some  engineers,  but  if  the  sizes  are  taken  from  trade  catalogues  it 
is  not  safe  to  go  much  above  these  figures.  If  the  radiator  is  to 
be  used  for  warming  rooms  which  are  to  be  kept  at  a  tempeiature 
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alH)ve  or  Inflow  70  dejjrees,  the  radiating  surface  may  be  changed 
in  the  sanu;  proportion  as  tlie  diflferenoe  in  temperature  l)et\veen 
Ui(*  steam  and  Uio  air. 

For  example  —  if  a  room  Ls  to  be  kept  at  a  temperature  of 
r»()^  tlie  efficiency  of  the  radiator  becomes  {JH  X  '-2")  =  2A0; 
that  is  the*  etlioieney  varies  directly  as  the  difference  in  temper- 
ature between  the  steam  and  the  air  of  the  room.  It  is  not  cns- 
toniary  to  consider  this  unless  the  steam  pressure  should  be  raised 
to  10  or  15  ponnds  or  the  temperature  of  the  rooms  changed  15  or 
-0  decrees  from  the  normal. 

From  the  alxive  it  is  ejisy  to  compute  the  size  of  radiator  for 
any  given  room.  Fiist  compute  the  heat  loss  per  hour  by  mdia- 
tion  and  conchiction,  in  the  coldest  weather,  theu  divide  the  result 
by  -20  for  cjust  iron  radiators,  2<)0  for  pij^  radiators  and  800  for 
})ipe  coils.  It  is  oustt>mai'y  to  make  the  ludiators  of  such  size, 
that  thev  will  warm  the  rooms  to  70  decrees  in  the  coldest 
wt*ath(jr.  Thi**  vaiit's  a  gj)od  d»'al  in  different  localities,  even  in 
the  same  stat*',  ami  the  lowi»st  temperatuiv  for  which*  we  wish 
to  T)rovid(*  must  1>:>  settled  upon  hef(»i'e  any  calculations  are  made. 
In  Xcw  Km^dand  anJ  through  the  Middle  and  Western  States  it  is 
usual  to  tiiriin'  on  warming  a  building  to  70  degrees  when  die 
outside  tt'mp«M'ature  is  fnim  zi'io  to  10  degrees  lielow. 

riir  makers  of  ratliators  jaihllsli  in  their  catalogues,  tables 
giving  I  lie  s(juare  feet  »>f  heating  surface  for  different  styles  and 
lieighls,  ancl  these  ran  W.  used  in  determining  the  number  of 
seetioMs  reijuired  f(»r  all  sj)eeial  eases. 

If  pipe  coils  an*  to  be  used,  it  heeomes  necessiiry  to  i-educe 
stjuare  iVt't  of  heating  surfaei*  to  lintMir  feet  of  pipe  ;  this  can  be 
ilont*  i)V  nu»ans  of  the  factors  jxiven  l)elow. 


o      =  linear  ft.  of  1"    pipe 
Sijuare  feet  of  heating  surfaee  X  -'  .->      _       ,^  ^^      ^|v 

l.<;  =      '*  '«•      '2^      k' 


I 


Tile  size  of  mdiator  is  only  made  sullicient  to  keep  the  nwm 
waini  iilier  it  iv;  (^lee  ln*atiil,  and  no  allowance  is  made  for 
^'warniing  up,"  that  is,  tin*  heat  given  ofT  hy  the  radiator  is  just 
eijual  to  tliiit  lost  thi'ougli  walls  and  windows.  This  condition  is 
olTset   in   two  ways  — jir.st,  wIh'u   the   n>om  is  cold,  the  difference 
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in  temperature  between  tlie  steam  and  air  of  tlie  room  is  greater 
and  the  radiator  is  more  efficient,  and  second  the  radiator  is  pro- 
portioned for  the  coldest  weather  80  that  for  a  greater  part  of  the 
time  it  is  larger  than  necessary.  This  last  condition  is  one  of  tlie 
disadvantages  of  direct  steam  heating ;  if  steam  is  on  t)ie  mdiiitor 


*^  all  it  will  give  off  the  same  amount  of  heat  ruganlless  of  tlie 
•utaide  t«mi>erature. 

Example. —  A  schooli-oom  is  to  l»e  wiirnu'd  witli  cireulation 
*=**»!«  of  l|-inch  pipe.  The  heat  loss  is  30,000  II.  T.  I',  iier  lioiir; 
*"■*»*;  length  of  pipe  will  be  required  ? 

The  heating  surface  of  a  pipe  coil  will  be 

30,000        i„n  f    ^ 

1 -  —  100  atiuart-   feet. 

300  ' 

Therefore  we  need 

2.3  X  100  =  230  linear  feet  of  l^-inch  pipe. 

Location.     Radiators  should  be  placed    in   the  coldest 

P*"^  of  the  room  if  possible,  as  under  windows  or  near  i)iit«ide 

^W>r8.    In  living  rooms  it  is  often  desirable  to  kcei)  tlie  windows 

"*e,  in  which  case  the  radiators  may  be  pliici-d  at  one  side.     Cir- 

''^'Wioa  coils  are  run  alon^  the  outride  walls  of  a  room  under  tlie 
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windows.  Sometimes  the  position  of  the  radiators  is  decided  by 
the  necessary  location  of  the  pipe  risers,  so  that  a  certain  amount 
of  judgment  must  be  used  in  each  special  case  as  to  the  best 
arrangement  to  suit  all  requirements. 

Systems  of  Piping:.  There  are  three  distinct  sjrstems  of 
piping,  known  as  the  ''two-pipe  system,"  the  •* one-pipe  relief 
system,"  and  the  '*  one-pipe  circuit  system,**  with  various  modifi- 
cations of  each. 

Fig.  43  shows  the  arrangement  of  piping  and  radiators  in  the 

two-pipe  system.     The  steam  main  leads  from  the  top  of  the  boiler 

and  the  branches  are  carried  along  near  the  basement  ceiling; 

risers  are  taken  off  from  the  supply  branches  and  carried  up  to  the 

STEAA4  MA/N  radiators  on  the  differ- 

■^  ent    floors,  and   return 

^  pipes  are  brought  down 

^  to    the    return     mains, 

J-I^a  ^  ^  ^  which  should  be  placed 

near  the  basement  floor 
"Q  ~     below  the  water  line  of 


RCruRN 


^«-  ^-  the  boiler.     Where  the 

building  is  more  than  two  stories  high,  radiators  in  similar  posi- 
tions on  different  floors  are  connected  with  the  same  riser,  which 
may  run  to  the  highest  floor,  and  a  corresponding  return  drop 
connecting  with  each  radiator  is  carried  down  beside  the  riser  to 
the  basement.  A  system  in  which  the  main  horizontal  returns  are 
below  the  water  line  of  the  boiler  is  said  to  have  a  "  wet "  or 
"sealed"  return.  If  the  returns  are  overhead  and  above  the 
water  lint.*,  it  is  called  a  "dry"  return.  Where  the  steam  is  ex- 
posed to  extended  surfaces  of  water,  as  in  overhead  returns,  where 
the  condensation  partially  fills  the  pipes,  there  is  likely  to  be 
cracking  or  "  water  hammer  "  due  to  the  sudden  condensation  of 
the  steam  as  it  conies  in  contact  with  the  cooler  water.  This  is 
especially  notiireable  when  steam  is  first  turned  into  cold  pipes 
and  radiators,  and  the  ecmdensation  is  excessive.  When  dry 
returns  are  used  tlio  pipes  should  be  large,  and  have  a  gooti  pitch 
toward  the  boiler. 

In  the  case  of  sealed  returns  the  only  contact  between  the 
steam  ivnd  stivnding  water  is  in  the  vertical  returns  where  tlie 
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RETURN 


exposed  surfaces  are  very  small  (being  equal  to  the  sectional 
area  of  the  pipes)  and  trouble  from  water  hammer  is  practically 
done  away  with.     Dry  returns  should  be  given  an  incline  of  at 

least  1  inch  in  10  feet,  ste^m 

while  for  wet  returns  I  -^— ^— — ^— 

inch  in  20  or  even  40  = 

feet     is    ample.       The 

ends  of  all  steam  mains 

and  branches  should  be 

di-ipped  into  the  returns. 

If  the  return  is  sealed, 

the  drip  may  be  directly  ^^*  ^^' 

connected  as  shown  in   Fig.  44,  but  if  it  is  dry,  the   connection 

should  be  provided  with  a  siphon  loop  as  indicated  in  Fig.  45. 

The  loop  becomes   filled  with   water  and   prevents  steam    from 
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flowing  directly  into  the  return.  As  the  condensation  collects  in 
the  loop  it  overflows  into  the  return  pipe  and  is  carried  away. 
The  return  pipes  in  this  case  are  of  course  filled  with  steam 
ahove  the  water,  but  it  is  steam  which  htis  passed  through  the 
radiators  and  their  return  connections,  and  is  therefore  at  a  slightly 
lower  pressure,  bo  that  if  steam  were  admitted  directly  from  the 
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main  it  would  tend  to  hold  bnck  the  water  in  more  distant  returns 
and  cause  nurging  and  cracldiig  in  the  pipes.  Sometimes  the 
lM>iler  is  at  a  lower  level  than  the  basement  in  n'hioh  the  returns 
are  run  and  it  then  Iwcomes  necessary  to  establish  a  "false"  water 
line.     This  is  done  by  making  connections  as  shown  in  Fig.  46. 

It  is  readily  seen  that  the  return  water  in  order  to  reach  the 
boiler  must  flow  over  the  loop  "  A  "  which  raises  the  water  line, 
or  seal,  to  the  level  shown  by  the  dotted  line.  The  balance  pipe 
is  to  break  the  seal  aa  the  water  flows  over  the  loop,  and  prevent 


/   J 

s       \ 

r.}LJ  1                                ^ 

uiy  Hipiioii  iLtioii  wliicb  would  tend  to  drain  the  water  out  of  the 
return  minis  wftpr  i  Hon  n  is  once  stiirted. 

One-Pipe  Relief  System  In  tltiu  system  of  piping  the  mdi- 
itors  hint  bill  t  single  inimectioii,  tlie  steam  flowing  in  and  the 
mndeu'^itioii  <Iriiiiint>;  out  througii  the  same  pipe.  Fig.  47  shows 
tli«  method  it  luiiiung  tlie  pipes  for  this  system.  The  steam 
mini,  ■«  liefnre  li  idi  fiom  the  top  of  tlie  boiler  and  is  earned 
to  i-s  high  I  point  IS  the  bisemeiit  ceiling  will  allow;  it  then 
slopes  dowiiwatil  with  i  grade  of  alxiut  1  inch  in  10  feet  and 
niiikes  a  cinniit  of  the  bnildinfi  or  ii  portion  of  it- 
Risers  are  taken  off  finiii  the  t()p  umi  carried  to  the  radiators 
above  as  in  the  tno-pipe  system,  but  iu  this  case,  the  condensation 
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flows  back  through  the  same  pij;e  and  drains  into  the  return 
Riain  near  the  floor  through  drip  connections  whicli  are  made  at 
frequent  intervals.  In  a  two-story  building  the  bottom  of  each 
riser  to  the  second  floor  is  dripped,  and  in  larger  buildings  it  is 
customaiy  to  drip  each  riser  that  has  more  than  one  radiator  con- 
nected with  it.  If  the  radiators  are  lai^e  and  at  a  considerable 
distance  from  the  next  riser,  it  is  better  to  make  a  drip  connection 
for  each  radiator.  When  the  return  main  is  overliead,  the  risers 
should  be  dripped  through  siphon  loops,  but  the  ends  of  the 
bi-anches  should  make  direct  connection  with  the  returns.  This 
is  the  reverse  of  the  two-pipe  system.     In  this  case  the  lowest 


pressure  is  at  the  ends  of  the  mains  so  that  steam  introduced 
into  the  returns  at  these  pitints  will  cause  no  trouble  in  the  ])ipeK 
connecting  between  these  and  the  boiler. 

If  no  ateam  is  allowed  to  enter  the  returns,  a  vacuum  will  be 
formed,  and  there  will  be  no  pressure  to  force  the  water  Ijni'k  to 
the  boiler.  A  check  valve  should  always  be  placed  in  the  main 
return  near  the  boiler  to  prevent  the  water  from  flowing  out  in 
case  of  a  vacuum  being  formed  suddenly  in  the  pipes. 

One*Plpe  Circuit  System.  (See  Fig.  48.)  In  this  case  the 
■team  main  rises  to  the  highest  point  of  the  basement  as  before, 
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and  tlien  mth  a  considerable  pitch  miikea  an  entire  circuit  of  the 
building  and  again  connects  with  the  boiler  below  the  water  line 
Single  risers  are  taken  from  the  top  and  the  condensation  drains 
back  through  the  same  pipes  and  is  carried  along  with  the  flow 
of  steam  to  the  extreme  end  of  the  main,  where  it  is  returned  to 


Ftg.  411. 


llie  Ixiiler.  The  main  ip 
out  ils  entire  length  ;  : 
«iitisfactory  results. 

One  objection  lo  a 


made  large  and  of  the  same  size  tlirongli- 
t  must  be  given  a  good  pitcli  to  insure 


Fig.  51. 


ingle-pipe  system  is  that  the  steam  and 
return  water  are  flowing  in  opposite 
directions,  and  the  risers  must  be  made 
of  extra  large  size  to  jireveiit  any  in- 
ttsrference.  This  is  overcome  in  liirge 
buildings  by  carrying  a  single  riser  to 
llic  attic,  lai^e  enough  to  8H|iply  tbe 
ciitiix)  building ;  then  briunliing  and 
iiinning  "drops"  to  the  biisemcnt.  In 
tbis  system  tlie  (low  of  steiiui  is  down- 
ward us  well  iis  that  of  water.  Tliis 
nietliod  of  piping  may  be  used  with 
i-[)ipe  systems  as  well.  Care  must  always  be 
ki^ts  or  low  points  oceiir  in  any  of  the  lines  of 
y  reason  tbey  cannot  be  avoided  they  gltould  be 


f;,»,d  results  in  tw 
(liken  tbat  no  pm 
pipe,  but  if  for  a,, 
earefnlly  draiiio.l. 

Pipe  Connections.     Figs.  4!*,  SO   and  51  show  the   common 
methods  of  making  the  connections  Ixitween  the  supply  pipes  and 
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the  radiators.  Fig.  49  shows  a  two-pipe  connection  with  a  riser ; 
the  return  is  carried  down  to  the  main  below.  Fig.  50  shows  a 
single  pipe  connection  with  a  basement  main  and  Fig.  51a  single 
connection  with  a  riser. 

Care  must  always  be  taken  to  make  the  horizontal  part  of  the 
piping  between  the  radiator  and  riser  as  short  as  possible  and  to 
give  it  a  good  pitch  toward  the  riser.  There  are  various  ways  of 
making  these  connections  especially  suited  to  different  conditions, 


Fig.  62. 

but  the  examples  given  serve  to  show  the  general  principle  to  be 

followed. 

Figs.  39,  40  and  41  show  the  common  methods  of  making 

steam  and  return  connections  with  circulation  coils.     The  position 

of  the  air  valve  is  shown  in  each  case. 

Expansion  of  Pipes.    Cold  steam  pipes  expand  api)roximately 

1  inch  in  each  100  feet  in  length  when    low  pressure  steam  is 

turned  into  them,  so  that  in   laying  out  a  system  of  piping  we 

must  an-ange  it  in  such  a  manner  that  there  will   l)e  sufficient 

"spring*'  or  "give"   to  the  pipes  to  prevent   injurious  strains. 

This  is  done  by  means  of  offsets  and  bends.     In  the  case  of  larger 

pipes  this  simple  method  will  not  be  sufficient,  and  swivel  or  slip 

joints  must  be  used,  to  take  up  the  expansion.     The  method   ol 

making  up  a  swivel  joint  is  shown  in  Fig.  62. 

Any  lengthening  of  the  pipe  A  will  be  taken  up  by  slight 

taming  or  swivel  movements  at  the  poin'^s  B  and  C     A  slip  joint 
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is  shown  in  Fig.  53.  The  })art  c  slides  inside  the  shell  d  and  is 
made  steam  tight  by  a  stuffing  box  as  sliown.  The  pipes  are  con- 
nected at  the  flanges  A  and  B. 

When  pipes  pass  through  floors  or  partitions,  the  woodwork 
shouM  be  protected  by  galvanized  iron  sleeves  having  a  diameter 
from  I  to  1  inch  greater  tlian  the  pipe.     Fig.  54  shows  a  form  of 
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a<ljustable  floor  sleeve  which  may  Ihj  lengthened  or  shortened  to 
conform  to  the  thickness  of  floor  or  partition.  If  plain  sleeves  are 
used,  a  plate  should  1m?  placed  around  the  pipe  where  it  2)asse8 
through  the  floor  or  i)artitioii.     These  are  made  in  two  })arts  so 

that  they  may  l)e  put  in  place 
after  the  pipe  is  hung.  A  plate 
of  this  kind  is  shown  in  Fig.  55. 
Valves.  The  different 
styles  commonly  used  for  mdi- 
ator  connections  Jire  shown  in 
Figs.  56,  57  and  58,  and  are 
known  as  "  angle,"  *^  offset  " 
and  '*  corner"  valves  resj^ec- 
tively.  The  fii'st  is  us<»d  when 
the  radiator  is  at  the  top  of  a 
riser  or  when  the  connections 
are  like  those  shown  in  Fiirs. 
49,  50  and  51  ;  the  second  is 
hscmI  when  the  connection  JK'tween  the  riser  and  radiator  is  above 
thi;  floor,  and  the  third  when  the  radiator  luis  t(>.  l)e  set  close 
in  the  corner  of  a  room  and  there  is  not  space  for  the  usual  con- 
nection. A  (jhjht'  valve  should  never  be  used  in  a  horizontal  steam 
supply  or  dry  return;    the   rea.son   for  this   is  plainly  shown   in 


Fig.  ft4. 
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Fig.  69.  In  order  for  water  to  flow  through  the  valve  it  must 
rise  to  a  height  shown  by  the  dotted  line,  which  would  half  fill 
the  pipes,  and  cause  serious  trouble  from  water  hammer.  The 
gate  valve  shown  in  Fig.  60  does  not  have 
this  undesirable  feature,  as  the  opening 
is  on  a  level  with  the  bottom  of  the  pipe. 
Air  Valves.  Valves  of  various  kinds 
are  used  for  freeing  the  radiators  from  air 
when  steam  is  turned  on.  Fig.  61  shows 
simplest  form,  which  is  operated  by  hand.  ^'      ' 

Fig.  62  is  a  type  of  automatic  valve  ;  it  consists  of  a  shell, 
which  is  attached  to  the  radiator.  B  is  a  small  opening  which 
may  be  closed  by  the  spindle  C  which  is  provided  with  a 
conical  end.     D  is  a  strip  composed  of  a  layer  of  iron  or  steel 


Fig.  66.  Fig.  57.  Fig.  58. 

and  one  of  brass  soldered  or  brazed  together.  The  action  of  the 
valve  is  as  follows;  when  the  radiator  is  cold  and  filled  with  air 
the  valve  stands  as  shown  in  the  cut.  When  steam  is  turned  on, 
the  air  is  driven  out  through  the  opening  B.  As  soon  as  this  is 
expelled  and  steam  strikes  the  strip  D,  the  two   prongs  spring 


Fig  59. 

apart  owing  to  the  unequal  expansion  of  the  two  metals  due  to 
the  heat  of  the  steam.  This  raises  the  spindle  C  and  closes  the 
opening  so  that  no  steam  can  escape.  If  air  should  collect  in  the 
valve  and  the  metal  strip  become  cool  it  would  contract  and  the 
spindle  would  drop  and  allow  the  air  to  escape  through  B  as  be- 
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fore.  E  is  an  adjuBting  nut  and  F  is  a  float  attached  to  the 
spindle,  and  is  supposed  in  case  of  a  sudden  rush  of  water  with 
the  air  to  rise  and  close  the  oi^ening  ;   this  action  is  soniewliat 

unc<!itain,  especially  if  the  pressure  of  water   

continues  for  some  time.  ( J 

There  are  other  types  of  valves  acting 
on  the  same  principle.  The  valve  shown  in 
F'ig.  63  is  closed  by  the  expansion  of  a  piece 
of  vulcanite  Instead  of  a  metal  strip,  and  has 
no  w»ter  float. 

The  valve  shown  in  Fig,  fi4  act«  on  a 
somewhat  different  principle.  The  float  C 
is  niiule  of  thin  brass,  closed  at  top  and  bot- 
tom, and  is  [)!irtially  filled  with  wood  alcohol  E 
When  sleam  strikes  the  float  the  alcohol  is[| 
vaporized,  and  creates  a  pressure  suflicientll 
to  bulge  out  the  ends  slightly  which  raisesfll 
the  spindle  and  closes  the  opening  R.  Fig.  i 
6')  shows  a  form  of  so^alled  "  viicnuni 
valve."  It  acts  in  a  similar  manner  to  those 
already  described,  but  has  in  addition  a  ball  check  which  prevents 
the  air  from  Iwing  drawn  into  the  radiator,  should  the  ste^m  go 
down  and  a  vacuum  l>e  formed.     If  a  partial  vacuum  cxLst«  in  the 
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builtii'  and  r;idijitors,  thi;  l)()iling  jKtint,  and  coiispqiionlly  the 
ti'i[i|>erntun'  of  Uie  sleiim  arc  lowered,  hikI  less  heat  is  given  off 
by  the  radiators.  'I'liis  method  of  operating  a  heating  jilant  is 
somctinics  uilvnciitcd  for  spring  and  fall  when  less  heat  is  i-e- 
i|nin'd,  and   steani   niiiler  piCHsiire  would  overheat  the  i-ooms. 

Pipe  Sizes.  Thi'  prij|)urti(iiiing  of  the  steam  pijies  in  a  heat- 
ing plant  is  of  the  giiMtest  importance,  and  should  be  carefully 
worked  out  by  methods  whicli  experience  has  proved  to  becoiTect. 
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There  are  several  ways  of  doing  this,  but  for  ordinaiy  condi- 
lioijs  the  following  tables  have  given  excellent  results  in  actual 
practice.     They   have  been  computed  from   what   is   known  as 


ng.  68.  Fift  es 

D'Arcy's  formula,  with  suitable  corrections  made  for  actuil  work 
ing  conditions,  A«  the  computations  are  sonietthit  complicateil, 
Only  the  results  will  Iw  givon  here,  with 
full  directions  for  their  pi-oi>er  use.  The 
following  table  gives  the  flow  of  steam  in 
pounds  per  minute  for  pipes  of  different 
diameters,  and  with  varying  dro])s  ii 
pressure  between  tlie  supply  and  ilis 
charge  ends  of  the  pipe.  These  quanti- 
ties arc  for  pistes  100  feet  in  length;  for 
other  lengths  the  results  must  he  corrected  | 
by  the  factors  given  in  table  Xll,  As  tiie  | 
length  of  the  pipe  increases,  the  friction  I 
leconiea  greater,  and  the  quantity  of  eteam 
discharged  in  a  given  time  is  diminished. 

Table  X  is  computed  on  the  assumjition  that  the  drop  in 
pressure  between  the  two  ends  of  the  piiw  equals  the  initial  pros- 
Bnre.     If  the  drop  in  pressure  is  less  than  the  initial  pressure  the 
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actual  discbarge  will  be  slightly  greater  tban  tbe  quantities  given 
in  tbe  table,  but  this  difference  will  be  small  for  pressures  up  to 
5  pounds,  and  can  be  neglected  as  it  is  on  the  side  of  safety.  For 
higher  initial  pressures,  table  XI  has  been  pi-e^iared.      This  is  to 

TABLE  X. 


Diam. 

of 
Pipe. 


1 

1^ 

2 

2K 
3 

4 

5 

8 

7 

8 

\) 
10 
12 
15 


Drop  in 

\  PreMure  ( Pounds.) 

H      yi 

H 

1 

!>.' 

2 

3 

1 

4 

:    5 

.44    .63 

.78 

.91 

1.13 

1.31 

1.66 

1.97 

2.26 

.81 

1.16 

1.43 

1.66 

2.05 

2.89 

3.02 

3.59 

4.12 

1.06 

1.89 

2.34 

2.71 

3.36 

3.92 

4.94 

6.88 

6.75 

2.W3 

4.17 

5.16 

5.99 

7.43 

8.65 

10.9 

13.0 

14.9 

5.29 

7.52 

9.32 

10.8 

13.4 

15.6 

19.7 

23.4 

26.9 

8.61 

12.3 

15.2 

17.6 

21.8 

25.4 

32 

31.8 

43.7 

12.9 

18.3 

22.6 

26.3 

32.5 

37.9 

47.8 

56.9 

65.3 

18  1 

25.7 

31.8 

36.9 

45.8 

53.3 

67.2 

80.1 

91.9 

32.2 

45,7 

56.6 

65.7 

81.3 

94.7 

120 

142 

163 

51.7 

73.3 

90.9 

106 

131 

152 

192 

229 

262 

•^6.7 

109 

135 

157 

194 

226 

285 

;i;w 

390 

108 

154 

190 

222 

274 

319 

402 

478 

549 

147 

209 

258 

299 

371 

432 

545 

649 

746 

192 

273 

3:J9 

393 

487 

567 

715 

852 

977 

305 

434 

537 

623 

771 

899 

1130 

1350 

1650 

535 

761 

iU2 

1090 

1350 

1580 

1990 

2370 

2720 

be  used  in  connection  with  table  X  as  follows.  First  fiud  from 
Uible  X  the  quantity  of  steam  which  will  be  dischai^ed  through 
the  given  diameter  of  pipe  with  the  Jissumed  drop  in  pressure ; 

TABLE  XI. 


Drop  in 

PrcsHure 

in  FoundK. 


1 
i 
1 


Initial   Pressure. 


t 

3 


l(t 


l.:27 
1  .-it) 
1.-24 
1.-2I 
1.17 
1.14 
1.12 


20 

30 

40 

60 

80 

1.40 

1.68 

1.84 

2.13 

2.38 

1.48 

l.Cd 

1.83 

2.11 

2.36 

1.4() 

1 .04 

1.80 

2.08 

2.32 

1.41 

l.;')ft 

1.7r) 

2.02 

2.26 

i.:?7 

1  ..55 

1.70 

1.97 

2.20 

1.34 

l.-^l 

1.6»> 

1.92 

2.14 

i.:n 

1.47 

l.fi2 

1.87 

2.09 

then  look  in  table  XI  for  the  factor  corresponding  with  the 
assumed  drop  and  the  higher  initial  pressure  to  be  used.  The 
quantity  given  in  table  X  multiplied  by  this  factor  will  give  the 
actual  capacity  of  tlie  pipe  under  the  given  conditions. 
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Example — What  weight  of  steam  will  be  discharged  through 
a  3"  pipe,  100  feet  long,  with  an  initial  pressure  of  60  pounds  and 
a  drop  of  2  pounds  ? 

Looking  in  table  X  we  find  that  a  3"  pipe  will  discharge 
26.4  pounds  of  steam  per  minute  with  a  2-pound  drop.  Then 
looking  in  table  XI  we  find  the  factor  corresponding  to  60  pounds 
initial  pressure  and  a  drop  of  2  pounds  to  be  2.02.  Then  accord- 
ing to  the  rule  given,  25.4  X  2.02  =  51.3  pounds  which  is  the 
capacity  of  a  8"  pipe  under  the  assumed  conditions. 

Sometimes  the  problem  will  be  presented  in  the  following 
way :  What  size  of  pipe  will  be  required  to  deliver  80  pounds  of 
steam  a  distance  of  100  feet  with  an  initial  pressure  of  40  pounds 
and  a  drop  of  3  pounds  ? 

TABLE  XII. 


Fti. 

1 

Factor.    I 

Feet. 

Factor. 

.91 

Feet. 

Factor. 

.60 

i       Feet 

Factor. 

10 

3.16  ; 

120 

275 

600 

.40 

20 

2.24 

130 

.87 

300 

.57 

650 

.39 

30 

1.82 

140 

.84 

325 

.55 

700 

.37 

4G 

1 .58 

150 

.81 

350 

.53 

750 

.36 

50 

1.41 

160 

.79 

375 

.51 

800 

.35 

60 

1.29 

170 

:    .76 

400 

.50 

850 

.34 

70 

1.20 

180 

.74 

425 

.48 

900 

.33 

80 

1.12 

190 

.72 

450 

.47 

950 

.32 

90 

1.05 

200 

.70 

475 

.46 

1,000 

.31 

100 

1.00 

225 

.66 

500 

.45 

1 

110 

.95 

1 

250 

.63 

550 

.42 

1 

We  have  seen  that  the  higher  the  initial  pressure  with  a 
given  drop,  the  greater  will  be  the  quantity  of  steam  discharged; 
therefore  a  smaller  pipe  will  be  required  to  deliver  80  pounds 
of  steam  at  40  pounds  than  at  3  pounds  initial  pressure.  From 
table  XI  we  find  that  a  given  pipe  will  discharge  1.7  times  as 
much  steam  per  minute  with  a  pressure  of  40  |>ounds,  and  a  drop 
of  8  pounds,  as  it  would  with  a  pressure  of  3  pounds,  dropping 
to  zero.  From  this  it  is  evident  that  if  we  divide  80  by  1.7  and 
look  in  table  X  under  *' 3  pounds  drop"  for  the  result  thus 
obtained,  the  size  of  pij>e  corresponding  will  be  that  required. 

80-M.7r=47- 
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The  nearest  number  in  the  table  marked  **  3  pounds  drop  "  is 
47.8  wliich  corresponds  to  a  3J^"  pipe  and  is  the  size  required. 

These  conditions  will  seldom  be  met  with  in  iow-pressui*e 
heating,  but  apply  more  particularly  to  combination  power  and 
liealing  plants,  and  will  be  taken  up  more  fully  under  that  head. 
For  lengtlis  of  pipe  other  than  100  feet,  multiply  the  quantities 
given  in  table  X  by  the  factora  found  in  table  XII. 

Example  —  What  weight  of  steam  will  be  dischai-ged  [ter 
minute  through  a  3 J''  pipe,  4*50  feet  long  with  a  pressure  of  5 
|)ounds  and  a  drop  of  ^  |)ound  ? 

Table  X,  which  may  be  used  for  all  pressures  below  10 
pounds,  gives  for  a  3^"  pipe,  100  feet  long,  a  capacity  of  18.3 
pounds  for  the  above  conditions.  Looking  in  table  XII,  we  find 
the  correction  factor  for  450  feet  to  be  .47.  Then  18.3  X  .47  = 
8.6  pounds,  the  quantity  of  steam  which  will  be  discharged  if 
the  pipe  is  450  feet  long. 

Examples  involving  the  use  of  tables  X,  XI  and  XII  in 
combination  are  quite  common  in  practice.  The  following  shows 
the  method  of  calculation : 

What  size  of  i)ipe  will  be  i*equired  to  deliver  90  pounds  of 
steam  per  minute  a  distance  of  800  feet,  with  an  initial  pressure 
of  80  pounds  and  a  drop  of  5  pounds?  Table  XII  gives  the 
factor  for  800  feet  as  .35  and  table  XI  that  for  80  pounds  pres- 
sure and  5  pounds  drop  sis  2.09.     Then .  =  128  ;  which 

^  ^  .35  X  2.09 

is  the  equivalent  (juantity,  we  must  look  for  in  tiible  X.  We 
iind  that  a  4"  pipe  will  discharge  91.9  pounds,  and  a  5"  pipe  103 
pounds.  A  4]"  pipe  is  not  C(^nimonly  carried  in  stock  and  we 
should  probably  use  a  5"  in  this  case,  unless  it  was  decided  to  use 
a  4''  and  allow  a  slightly  greater  drop  in  pressure.  In  ordinary 
heating  work  with  pressures  varying  from  2  to  5  [)Ounds,  a  drop 
of  I  pound  in  lOi)  feet  has  been  found  to  give  satisfactory  results. 

In  computing  the  pipe  sizes  for  a  heating  system  by  the 
above  niethoc^s  it  would  be  a  long  process  to  work  out  the  size  of 
each  l)rancli  sei)arately  so  the  following  table  has  been  prepared 
for  ready  use  in  low-pressure  work. 

As  most  direct  heating  systems,  and  especially  those  in 
schoolhouses,  are  made  up  of  both  radiators  and  circulation  coils. 
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an  efficiency  of  300  B.  T.  U.  has  been  taken  for  direct  radiation 
of  whatever  variety,  no  distinction  being  made  between  the  dif- 
fei*ent  kinds.  This  gives  a  slightly  larger  pipe  than  is  necessary 
for  cast  iron  radiators,  but  it  is  probably  offset  by  bends  in  the 
pipes,  and  in  any  case  gives  a  slight  factor  of  safety.  We  find 
from  a  steam  table  that  the  '*  latent  lieat "  of  steam  at  20  pounds 
above  a  vacuum,  (which  corresponds  to  5  pounds  gage-pressure)  is 
954  -[-  B.  T.  U.,  which  means  that  for  every  pound  of  steam  con- 
densed in  a  radiator  954  B.  T.  U.  are  given  off  for  warming  the 
air  of  the  room.  If  a  radiator  has  an  efficiency  of  300  B.  T.  U., 
then  each  square  foot  of  surface  will  condense  300  -f-  954  =  .314 
l)0unds  of  steam  per  hour,  so  that  we  may  assume  in  round  num- 
bers a  condensation  of  ^  of  a  pound  of  steam  per  hour  for  each 
square  foot  of  direct  mdiation,  when  computing  the  sizes  of  steam 
pipes  in  low-pressure  heating.  Table  XIII  has  been  calculated  on 
this  assumption,  and   gives   the  square   feet   of   heating  surface 


TABLE   XIII. 

LENGTH    OF   PIPE   100    FEET. 

Size  of  Pipe. 

Square  Feet  of  Heating  Surface. 

• 

• 

\  Pound  Drop. 

\  Pound  Drop. 

1           '               80 

114 

1 

145 

210 

190 

340 

2                       525 

750 

2^ 

950 

1350 

3 

1650 

2210 

H 

2320 

3290 

4 

3250 

4620 

5 

5800 

8220 

6 

9320 

13200 

7 

13800 

19620 

8 

19440 

27720 

which  different  sizes  of  pipe  will  supply,  with  drops  in  pressure 
of  ^  and  ^  pounds,  in  each  100  feet  of  pipe.  The  former  should 
be  used  for  pressures  from  1  to  5  pounds,  and  the  latter  may  be 
used  for  pressures  over  5  pounds,  under  ordimiry  conditions,     Tlie 


2X7 


72 


HEATmo  AND  rENTlLATION. 


sizes  of  long  mains  and  special  pipes  of   large  size  should  be 
proportioned  directly  from  tables  X,  XI  and  XII. 

Wheie  the  two-pipe  system  is  used  and  the  radiators  have 
separate  supply  and  return  pipes,  the  risers  or  vertical  pipes  may 
be  taken  from  table  XIII,  but  if  the  single  pij)e  system  is  used, 
the  risers  nuist  l)e  increased  in  size  as  the  steam  and  water  are 
flowing  in  opposite  directions  and  must  have  plenty  of  i*oom  to 
pass  each  other.  It  is  Customary  in  this  case  to  base  the  compu- 
tation on  the  velocity  of  the  steam  in  the  pipes  rather  than  on  the 
drop  in  pressure.  Assuming  as  before,  a  condensation  of  one-third 
of  a  pound  of  steam  per  hour  per  square  foot  of  radiation,  the  fol- 
lowing tables  have  l)een  prei)ared  for  velocities  of  10  and  15  feet 
per  second.  The  sizes  given  in  table  XV  have  been  found  suffi- 
cient in  most  cases,  but  the  larger  sizes,  liased  on  a  flow  of  10  feet 
per  second,  give  greater  safety  and  should  l)e  more  generally 
used.  The  size  of  the  lai-gest  riser  should  usually  be  limited  to 
2.]"  in  school  and  dwelling  liouse  work  unless  it  is  a  s[>ecial  pi}>e 
carried  up  in  a  concealed  position.  If  the  length  of  riser  is  short 
l)etween  the  lowest  radiator  and  the  main,  a  higher  velocity  of  20 
feet  or  more  may  be  allowed  through  this  portion  rather  than 
mak<»  the  pipe  excessively  large. 


TABLE  XIV. 


TABLE  XV. 


10  Feet  IVr  Second  Velocity. 


15  Feet  Per  Second  Velocity. 


Si/.e  of  Pipe 

1 

O  1 


Sij  Feet  of  HinliatJou. 


w 


GO 

80 

130 

11)0 

•2iH) 


Size  of  Pipe.  Sq.  Feet  of  Radiation. 


1 

;i 

•7  1 

3" 

'11 


50 
90 
120 
200 
21^0 
340 
590 


Kxaiiiplt'.-  Coinpulc  llic  size  of  pipe  rtM|nir('d  to  sii[)plv 
10,0nO  s(iuiuv  feet  of  dirt'ct  radiation,  wliere  the  distance  to  the 
boiler  hons(*  is  ')00  feet  and  the  pressiiiv  carried  is  10  pounds; 
Allowing  a  drop  in  pivssure  of  4  pounds. 
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Steam  required  =  J  X  10,000  =  3333  pounds  per  hour 

=  55.6  pounds  per  minute. 

From  Table  XII  we  see  that  this  corresponds  to  55. (>  -f-  .57 

=  97.5  pounds  for  a  pipe  100  feet  long.     From  Table  XI  the 

97  5 
discharge  factor  is  1.14.     Hence  in  Table  X  we  look  for  --~  = 

1.14 
85.5  under  4  pounds  drop,  and  we  find  that  a  5-inch  pipe  nmst  be 

used. 


DIa.  of  Steam  Pipe. 

DU.  of  Dry 

1 

1 

14 
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ll 
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I' 

2' 

2i 

\i 

■^ 
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10 

5 

Dia.  of  Sealed  Returu. 


12 
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n 

2" 

2.1 

3" 

3 

3.1 

3.1 
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Returns.  The  size  of  return  pii)es  is  usually  a  matter  of 
custom  and  judgment  rather  than  computation.  It  is  a  common 
rule  among  steam  fittens  to  make 
the  returns  one  size  smaller  than 
the  corresponding  steam  pii)es. 
Tliis  is  a  good  rul')  for  the 
smaller  sizes,  but  gives  a  larger 
return  than  is  necessary  ror  the 
larger  sizes  of  pipe.  Table  XVI 
gives  different  sizes  of  steam  pi{)es  Fij?.  66. 

with   the  corresponding  diameters   for  dry   and   sealed   returns. 
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The  length  of  run  and  number  of  turns  in  a  return  pipe 
should  be  noted  and  any  unusual  conditions  provided  for.  Where 
the  condensation  is  discharged  through  a  trap  into  a  lower  pres- 
sure the  sizes  given  may  be  slightly  reduced,  especiallj  among  the 
lai-ger  sizes,  depending  upon  the  difference  in  pressures. 

Radiators  are  usually  tapped  for  pipe  connections  as  follows, 
and  these  sizes  may  he  used  for  the  connections  with  the  mains  or 


risers. 

TWO-PIPE 

CONNECTION. 

Square  Feet  of  Radiation. 

Steam. 

Return. 

10  to    30 

r 

r 

30  to    48 

1 ' 

r 

48  to    96 

H' 

1 ' 

96  to  150 

W 

H' 

SINGLE 

PIPE   CONNECTION. 

10  to    24 

1  ' 

24  to    60 

H' 

60  to    80 

H' 

80  to  130 

2  • 

Boiler  Connections.  The  steam  main  should  be  connected 
to  the  rear  nozzle,  if  a  tubular  boiler  is  used,  as  the  boiling  of  the 
water  is  less  violent  at  this  point  and  dryer  steam  will  be 
obtained.  Tlie  shut-off  valve  should  he  placed  in  such  a  position 
that  pockets  for  the  accumulation  of  condensation  will  be  avoided. 
Fig.  66  shows  a  good  position  for  the  valve. 

Tlie  return  connection  is  made  through  the  blow-off  pipe  and 
should  l)e  arnmgod  so  that  the  boiler  can  be  blown  off  without 
draining  the  returns.  A  clieck  valve  should  be  placed  in  the 
main  return  and  a  plug  cock  in  the  blow-off  pij^e.  Fig.  67  shows 
in  })lan  a  good  arrangement  for  these  connections. 

Blow-Off  Tank.  Where  the  blow-off  pipe  connects  with  a 
sewer  some  means  must  be  provided  for  cooling  the  water  or  the 
expansion  and  contraction  caused  by  the  hot  water  flowing 
through  the  drain  pipes  will  sUirt  the  joints  and  cause  leaks.  For 
this  retison  it  is  customary  to  pass  the  water  through  a  blow-off 
tank.     A   form  of  wrouglit  iron  tank  is  shown    in    Fig.  68.     It 
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consists  of  a  receiver  suppoi'ted  on  cast-iron  cradles.     The  tank 
ordinarily  stands  nearly  full  of  cold  water. 

The  pipe  from  the  boiler  enters  above  the  water  line,  and  the 
sewer  connection  leads  from  near  the  bottom  as  shown.  A  vaix)r 
pipe  is  carried  from  the  top  of  the  tank  above  the  roof  of  the 
building.     When  water  from  the  boiler  is  blown  into  the  tiiiik 
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Fig.  67. 

cold  water  from  the  bottom  flows  into  the  sewer  and  tlie  steam  is 
earned  off  through  the  vapor  pipe.  The  equalizing  pipe  is  to 
prevent  any  siphon  action  which  might  draw  the  water  out  of  the 
tank  after  a  flow  was  once  started.  As  only  a  part  of  tlie  water 
is  blown  out  of  a  boiler  at  one  time  the  blow-off  tank  can  be  of  a 
comparatively  small  size.      A  tank  24"  X  48"  should    be  large 
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Fig.  68. 

enough  for  boilers  up  to  48  inches  in  diameter  and  one  36" 
X  72"  should  care  for  a  boiler  72  inches  in  diameter.  If  smaller 
quantities  of  water  are  blown  off  at  a  time  smaller  tanks  can  l)e 
used.  The  sizes  given  al)ove  are  sufficient  for  batteiies  of  2  or 
more  boilers,  as  one  boiler  can  be  blown  off  and  the  water  allowed 
to  cool  before  a  second  one  is  blown  off.  Cast  iron  tiinks  are 
often  used  in  place  of  wrought  iron  and  these  may  be  sunken  in 
the  ground  if  desired. 
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INDIRECT   STEAH   HEATINQ. 

Types  of  Heaters.  Various  f firms  of  itidireut  ra'lifil.ors  have 
ten  s)iown  in  Figs.  8,  9, 14  and  l."»  of  Pait  I.  A  hut-wattsr  radiabir 
lay  Iw  used  for  ateum  but  a  sfceaui  radiator  i-annot  always  be  usetl 
r  hot  water  aa  it  must  be  especially  designed  to  produire  a  ufui- 
*  dow  "f  water  tbmugh  it  from  top  to  l)ott<ini.     Figs.  1  and 


Fig.  1. 

tshow  the  outside  and  the  interior  oonstructioii  of  a  common 
Wtt«rn  of  indirect  radiator  designed  especially  for  st«am.  The 
1  in    Fig.  '2  indicate  the    path  of   the   steam  through   the 


^iat«r  which  is  supplied  at  the  right  wliile  the  return  connection 
I  at  the  left.     The  air  valve  in  thia  case  should  be  connected  in 
B  end  of  the  last  section  near  the  return. 

A  very  efficient  form  of  radiator  and  one  that  is  especially 
pted  to  the  warming  of  large  volumes  of  air  as  in  scboolbouse 
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work,  ia  sliawii  in  Fig.  8,  and  is  known  «s  the  "School  pin** 
nulifttor.  Tliiit  oiiii  be  uoeil  for  either  Bt«ain  or  hot  water  na  therfl 
IH  n  L-ontinuouH  passKge  downvvard  from  the  8U[i[)ly  connection  s 
tile  top  to  tlie  rettirii  at  tliu  bottom.  Thfwe  aectioiis  or  slabs  art 
made  up  in  stacks  after  the  manner  shown  iu  Fig.  1  which  repre 


Ki«.  3. 

sentiS  ail  tnd   vit-w  nf   si'venil  sw-tloiis  eoiuieuted    topether    wtthl 
Special  nipples. 

A  very  efficient  form  <if  tndii«ot  heater  may  be  lumle  up  oil 
wrought  iron  pii>o  joined  t^jgethor  with  ln'aiich  trea  and    rt'l 
bends.       A    heater    like     ihjit 
shown  ill  Kig.  5  is  known  :i 
"box    coil."       lis    cffifiericy  is  H 
increased     if     the     pipes     ai-e 
"staggered,"     that    is.    If    the 
piju'S    in    alternate     rowH    are 
placed  over  the  spaces  Iietweeii 
those  ill  ihf  row  below. 

Stacks  and  Casings.       It 
has  already  been  stated  tlmt  a  I 
group  of  sections  comiwiteil  to-  ' 
gether  is  calle<l  a  Mtaek,  and  ex-  Fig-  ■ 

aniples  of  these  with  their  casings  are  shown  in  Figs.  (1  and  7  ( 
Part  I.     The  casings  are  usually  made  of  galvanized  liiin  and  a 
made  up  in  sections  by  means  of  small  liolts  so  that  Uiey  may  t 
taken  apart  in  case  it  is  necessary  to  make  repairs.     Large  stscU 
are  often  enclosed  in  hriok  work  ;  the  siden  consisting  of  8-inch  wiilll 
and  tlie  lop  being  covered  over  with  a  layer  of  briclc  and  n 
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supported  on  light  wrought  iron  tee  bars.  Where  a  single  stack 
supplies  several  flues  or  registers  the  contiections  between  these 
and  the  warm-air  chamber  are  made  in  the  same  manner  us  already 
described  for  furnace  heating.  When  galvanized  iron  casings  are 
used  the  heater  is  supported  by  hangers  from  the  floor  above. 
Fig.  6  shows  the    method  of    hanging  a.  heater  from  a  wooden 


ng.  6. 

floor.  If  the  floor  is  of  flreproiif  construction  the  hangers  may 
pass  up  through  the  brickwork  and  the  ends  be  provided  with  nuts 
and  lai^  washers  or  plates  ;  or  they  can  be  clamped  to  the  iron 
beams  which  carry  the  floor.  Where  brick  casings  are  used,  tha 
heaters    are     supported  ^SB^^^^^^^^B^^^A    fA*^ 

upon  pieces  of  pipe  or        t_^c   I 
light  I-heams  huilt  into  ^^^'^^ 


innnnnnj 


the  walla. 

Dampen.         The 

general  arrangement  of 
a  galvanized  iron  casing  1,-jg.  q, 

and  mixing  damper  is 

shown  in  Fig.  7.  The  cold-air  duct  is  brought  along  the 
hasement  ceiHng  from  the  inlet  window  and  connects  with 
the  cold-air  chamber  beneath  the  heater.  The  entering  air 
passes  up  between  the  sections  and  rise»  through  the  register 
above,  as  shown  by  the  aiTows.  When  the  mixing  damper  is 
in  its  lowest  i>oeition  all  air  reaching  the  register  must  pass 
through  the  heater,  but  if  the  damper  is  raised  to  the  position 
shown,  part  of  the  air  will  jtass  by  witli<)nt  going  through  the 
heater  and  the  mixture  entering  through  the  register  will  be  at  a 
lower  temperature  than  before.  By  changing  the  position  of  the 
damper  the  proportions  of   warm  and  cold  air   delivered  to  the 
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room  can  be  varied,  thus  regulating  the  temperature  without 
diminishing,  to  any  great  extent,  the  quantity  of  air  delivered. 
The  objection  to  this  foim  of  damper  is  that  there  is  a  tendency 


rLOOR  R£GiST£R 


OALVANtZCJ}  taON     SLWtNQ  JDOOH 
CASiNG 

Fig.  7. 


for  the  air  to  enter  the  room  before  it  is  thoroughly  mixed,  that 
is,  11  stream  of  warm  air  will  iT«e  through  one  half  of  the  register 
while  cold  air  enters  through  the  other.     This  is  especially  true  if 


Fig- 8. 


the  connection  l)etween  the  damper  and  register  is  short.  Fig.  8 
shows  a  similar  heater  and  mixing  damper,  with  brick  casing. 
Cold  air  is  admitted  to  the  large  chamber  below  the  heater  and 
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rises  through  the  sections  to  the  register  as  before.  The  action  ot 
the  mixing  damper  is  the  same  as  already  described.  Several 
flues  or  registei-s  may  be  connected  with  a  stack  of  this  form,  each 
connection  having  its  own  mixing  damper. 

The  arrangement  shown  in  Fig.  9  is  somewhat  different  and 
overcomes  the  objection  noted  in  connection  with  Fig.  7  by  sub- 


Fig.  9. 

stituting  another.  The  mixing  damper  in  this  case  is  placed  at 
the  other  end  of  the  heater.  When  it  is  in  its  highest  position 
all  of  the  air  must  pass  through  the  heater  before  reaching  th« 
register,  but  when  partially  lowered  a  part  of  the  air  passes  ovei 
the  heater  and  the  result  is  a  mixture  of  cold  and  warm  air,  in 
proportions  depending  upon  the  position  of  the  damper.  As  the 
layer  of  warm  air  in  this  case  is  below  tlie  cold  air,  it  tends  to  rise 
through  it,  and  a  more  thorough  mixture  is  obtained  than  is  pos* 
Bible  with  the  damper  shown  in  Fig.  8.  One  quite  serious 
objection  however  to  this  foim  of 
damper  is  illustrated  in  Fig.  10. 
When  the  damper  is  nearly  closed 
so  that  the  greater  part  of  the    air  Fig.  lO. 

enters  above  the  heater,  it  has  a  tendency  to  fall  between  the 
sections,  as  shown  by  the  arrows,  and  becoming  heated  rises  again, 
so  that  it  is  impossible  to  deliver  air  to  a  room  below  a  certain 
temperature.  This  peculiar  action  increases  as  the  quantity  of  air 
admitted  below  the  heater  is  diminished.  When  the  inlet  register 
is  placed  in  the  wall  at  some  distance  above  the  floor,  as  in 
schoolhouse  work,  a  thorough  mixture  of  air  can  be  obtained  by 
placing  the  heater  so  that  the  current  of  warm  air  will  pass  up  the 
front  of  the  flue  and  be  discharged  into  the  room  through  the 
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lower  part  of  the  register.  This  is  shown  quite  clearly  in  Fig.  11 
where  the  current  of  warm  air  is  represented  by  crooked  arrows 
and  the  cold  air  by  straight  arrows.  The  two  currents  pass  u[) 
the  flue  sepsirately,  but  as  soon  as  they  are  discharged  through  the 
register  the  warm  air  tends  to  rise,  and  the  cold  air  to  fall,  with 
the  result  of  a  more  or  less  complete  mixture  as  shown. 

It  is  often  desirable  to  warm  a  room  at  times  when  ventilation 
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Fig.  11. 

is  not  n(»cossary,  Jis  in  the  case  of  living  looms  during  the  night, 
or  for  quick  warming  in  the  morning.  A  register  and  damj)er  for 
air  rotation  should  be  provided  in  this  case.  Fig.  12  shows  an 
arrangement  for  tliis  purpase.  When  the  damper  is  in  the  position 
shown,  air  will  be  taken  from  the  room  above  and  be  warmed  over 
and  over,  but  by  raising  the  damper,  the  supply  will  be  taken 
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from  outside.  Special  care  should  be  taken  to  make  all  mixing 
dampers  tight  against  air  leakage,  else  their  advantages  will  be 
lost.  They  should  work  easily  and  close  tightly  against  flanges 
covered  with  felt.  They  may  be  operated  from  the  rooms  above 
by  means  of  chains  passing  over  guide  pulleys;  special  attach- 
ments should  be  provided  for  holding  in  any  desired  position. 

Size  of  Heaters.  The  efficiency  of  an  indirect  heater  depends 
upcHi  its  form,  the  difference  in  temperature  between  the  steam 
and  the  surrounding  air,  and  the  velocity  with  which  the  air 
passes  over  the  heater.  Under  ordinary  conditions  in  dwelling- 
house  work,  a  good  form  of  indirect  radiator  will  give  off  about 
2  B.  T.  U.  per  square  foot  per  hour  for  each  degree  difference  in 
temperature.  Assuming  a  steam  pressure  of  2  pounds  and  an 
outside  temperature  of  zero  we  should  have  a  difference  in  tem- 


Fig.  12. 

perature  of  about  220  degrees,  which  under  the  conditions  stated 
would  give  an  efficiency  of  220  X  2  =:  440  B.  T.  U.  per  hour  for 
each  square  foot  of  radiation.  By  making  a  similar  computation 
for  10  degrees  below  zero  we  find  the  efficiency  to  be  460.  In 
the  same  manner  we  may  calculate  the  efficiency  for  varying  con- 
ditions of  steam  pressure  and  outside  temperature.  In  the  case 
of  schoolhouses  and  similar  buildings  where  large  volumes  of  air 
are  warmed  to  a  moderate  temperature,  a  somewhat  higher  efficiency 
is  obtained  due  to  the  increased  velocity  of  the  air  over  the  heaters. 
Where  efficiencies  of  440  and  460  are  used  for  dwellings,  we  may 
substitute  600  and  620  for  school-houses.  This  corresponds 
approximately  to  2.7  B.  T.  U.  per  square  foot  per  hour  for  a  differ- 
'  ence  of  1  degree  between  the  air  and  steam. 

The  principles  involved  in  indirect  steam  heating  are  similar 
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to  those  already  described  in  furnace  heating.  Part  of  the  heat 
given  off  by  tlie  radiator  must  be  used  in  wanning  up  the  air 
supply  to  the  temperature  of  the  room,  and  part  for  offsetting  the 
loss  by  conduction  through  walls  and  windows.  The  method  of 
computing  the  heating  surface  required,  depends  upon  the  volume 
of  air  to  be  supplied  to  the  room.  In  the  case  of  a  schoolroom  or 
hall,  where  the  air  quantity  is  large  as  compared  with  the  ex- 
posed wall  and  window  surface  we  should  proceed  as  follows : 

First  compute  the  B.  T.  U.  i*equired  for  loss  by  conduction 
through  walls  and  windows,  and  to  this  add  the  B.  T.  U.  required 
for  the  necessary  ventilation,  and  divide  the  sum  by  the  efficiency 
of  the  nidiators.     An  example  will  make  this  clear. 

How  many  square  feet  of  indirect  radiation  will  be  required 
to  warm  and  ventilate  a  schoolroom  in  zero  weather,  where  the 
heat  loss  by  conduction  through  walls  and  windows  is  36000 
B.  T.  U.  and  tlie  air  supply  is  100,000  cubic  feet  per  hour?  By 
the  methods  given  under  '^  Heat  for  Ventilation  "  we  have 

100,000  X  70  ^  j27,272  = 
65 
B.  T.  U.  required  for  ventilation. 

86,000  +  127,272  =  163,272  B.  T.  U.  =  the  total  heat  re- 
quired,  and  this  in  turn  divided  by  600  (the  efficiency  of  indirect 
nidiators  under  these  conditions)  gives  272  square  feet  of  surface 
required. 

In  the  case  of  a  dwelling-house  the  conditions  are  somewhat 
changed,  for  a  room  liaving  a  comparatively  large  exposure  will 
perhaps  have  only  2  or  3  occupants,  so  that  if  the  small  air  quan- 
tity necessary  in  this  case  was  used  to  convey  the  required  amount 
of  heat  to  the  room,  it  would  have  to  be  raised  to  an  excessively 
high  temj)erature.  It  has  been  found  by  experience  that  the 
radiating  surface  necessary  for  indirect  heating  is  about  50  per 
cent  ^leattM'  than  that  required  for  direct  heating.  So  for  this 
work  we  may  compute  the  surface  required  for  direct  radiation 
and  multiply  the  result  by  1.5. 

Buildings  like  hospitals  are  in  a  class  between  dwellings  and 
school  houses.  The  air  supply  is  based  on  the  number  of  occu- 
pants, as  in  scliools,  but  other  conditions  conform  more  nearly  to 
dwelling  houses. 
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To  obtain  the  radiating  surface  for  buildings  of  this  class,  we 
compute  the  total  heat  required  for  warming  and  ventilation  as  in 
the  case  of  schoolhouses,  and  divide  this  sum  by  the  efficiencies 
given  for  dwellings,  that  is  440  for  zero  weather  and  460  for  10 
degrees  below. 

Example.  A  hospital  ward  requires  60,000  cubic  feet  of  air 
per  hour  for  ventilation,  and  the  heat  loss  by  conduction  through 
walls,  etc.  is  100,000  B.  T.  U.  per  hour.  How  many  square  feet 
of  indirect  radiation  will  be  required  to  warm  the  ward  in  zero 
weather. 

(50,000  X  70)  -I-  55  =  63,636  B.  T.  U.  for  ventilation  :  then, 

63,636  +  100,000  ^  g,^  +  ,^,,,,  j,,,. 

Example. —  A  school  room  having  40  pupils  is  to  be  warmed 
and  ventilated  when  it  is  10  degiees  below  zero.  If  the  heat  loss 
by  conduction  is  30,000  B.  T.  U.  per  hour  and  the  air  supply  is  to 
be  40  cubic  feet  per  minute  per  pupil,  how  many  square  feet  of 
indirect  radiation  will  be  required  ? 

B.  T.  U.  required  for  ventilation  T)er  hour 

=  (40  X  40  X  60  X  80)  --  55  =  139,636. 

Total  B.  T.  U.  required  =  139,636  +  30,000  =  169,636. 

Surface  required  =  169,636  -^  620  =  273  square  feet. 

Example. —  The  heat  loss  from  a  sitting  room  is  11,250 
B.  T.  U.  per  hour  in  zero  weather.  How  many  square  feet  oi 
indirect  i*adiation  will  be  required  to  warm  it  ? 

From  Part  I,  page  56,  we  have  11250  -^  225  =  50  square 
feet;  here,  then,  we  need  50  X  1.5  =  75  square  feet. 

Warm-Air  Flues.  The  required  size  of  the  warm-air  flue 
between  the  heater  and  the  register,  depends  first  upon  the  differ- 
ence in  temperature  between  the  air  in  the  flue  and  that  of  the 
room,  and  second,  upon  the  height  of  the  flue.  In  dwellings, 
hospitals,  etc.,  where  the  conditions  are  practically  constant,  it  is 
customary  to  allow  2  square  inches  area  for  each  square  foot  of 
radiation  when  the  room  is  on  the  first  floor,  and  1 1  square  inches 
when  it  is  on  the  second  floor. 

In  schoolhouse  work  it  is  more  usual  to  calculate  the  size  of 
flue  from  an  assumed  velocity  of  air  flow  through  it.  This  will  vaiy 
greatly  according  to  tlie  outside  temperature  and  the  prevailing 
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wind  conditions.  The  following  figures  may  be  taken  as  average 
velocities  obtained  in  practice,  and  may  be  used  as  a  basis  for  cal- 
culating the  i-equired  flue  areas  for  the  different  stories  of  a  school 
building. 

Ist  floor  280  feet  per  minute. 
2nd    "     340     *^     "         " 
3rd     -^     400    "     '*         *' 

These  velocities  will  be  increased  somewhat  in  windy  weather 
and  will  be  i*educed  when  the  atmosphere  is  damp. 

Having  assumed  these  velocities,  and  knowing  the  number  of 
cubic  feet  of  air  to  be  delivered  to  the  room  per  minute,  we  have 
only  to  divide  this  quantity  by  the  assumed  velocity,  to  obtain  the 
recjuired  flue  area  in  stpuire  feet. 

Example  —  A  schoolroom  on  the  second  floor  is  to  have  an 
air  supply  of  2,000  cubic  feet  per  minute;  what  will  be  the 
required  flue  area? 

2000  ^  340  =  5.8  +  sq.  feet  Ans. 
The  velocities  would  be  higher  in  the  coldest  weather  and  dampers 
should  1h»,  placed  in  the  flues  for  throttling  the  air  supply  when 
necessary. 

Cold-Air  Ducts.  The  cold-air  ducts  supplpng  heaters  should 
l)e  planned  in  a  similar  manner  to  that  described  for  furnace  heat- 
ing. Tlie  air  inlet  should  l)e  on  the  north  or  west  side  of  the 
building,  but  this  of  course  is  not  always  possible.  The  method 
of  having  a  large  trunk  line  or  duct  with  inlets  on  two  or  more 
sides  of  the  building  should  be  carried  out  when  possible.  A  cohb 
air  room  with  large  inlet  windows,  and  duets  connecting  with  the 
luMters  niak(»  a  good  arrangement  for  schoolhouse  work.  The 
inlet  windows  in  this  case  should  l)e  [jrovided  with  check  valves 
to  pnntMit  any  outward  flow  of  air.  A  detjiil  of  this  arningemeut 
is  shown  in  Kig.  13. 

This  (jonsists  of  a  boxing  around  the  window,  extending  from 
the  floor  to  the  ceiling.  The  front  is  sloped  Jis  shown  and  is 
closed  from  tlu^  ceiling  to  a  point  below  the  bottom  of  the  window. 
The  remainder  is  open  and  covered  with  a  wire  netting  of  about 
J  inc^li  mesh  ;  to  this  are  fastened  flaps  or  checks  of  gossamer 
cloth  about  1)  inches  in  widtli.  These  are  hemmed  on  both  edires 
and  a  stout  wire  is  lun  through  the  upper  hem  which  is  fiustened 
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to  the  netting  by  means  of  Bmall  copper  or  soft  iioa  wire.  The 
checks  allow  the  air  to  flow  inward  hut  close  when  there  is  any 
tendency  for  the  current  to  reverse. 

The  area  of  the  cold-air  duct  for  any  heater  should  be  about 
three-fourtlis  the  total  area  of  the  warm  air  ducts  leading  fi'oni  it. 

A  common  rule  for  dwelling  houses  and  similar  work  is  to 
allow  1 J  square  inches  of  area  for  each  square  foot  of  rtidiating 
sui-face.  The  inlet  windows  should  l>e  provided  witli  some  form 
of  damper  or  slide, 
outside  of  which 
should  be  placed  a 
wire  grating,  backed 
by  a  netting  of  about 
I  inch  mesh. 

Vent  Flues.  In 
dwelling  houses  vent 
flues  are  often  omitted 
and  the  frequent  open- 
ing of  doors  and  leak- 
age are  depended 
upon  to  carry  away 
the  impure  air.  A 
well  designed  system 
of  warming  should 
provide  some  meauH 
for  discharge  ventilation,  especially  for  Itath  and  toilet  i-ooms,  and 
also  lor  living  rooms  whei-e  lights  are  burned  in  tlie  evening. 
The  sizes  of  flues  may  be  made  tlie  reverse  of  the  warm-air  flues, 
that  is,  1|  square  inches  area  per  square  foot  of  indirect  radia- 
tion for  rooms  on  the  first  floor  and  2  square  inches  for  those 
on  the  second.  This  is  because  the  velocity  of  flow  will  di.- 
I)end  upon  the  height  of  flue  and  will  therefoi-e  l>e  greater  fi-oiri 
tlie  first  floor.  The  flues  should  be  joined  together  in  the  attic 
and  then  carried  through  the  roof  where  a  ventilating  hood  should 
be  firovided,  especially  designed  to  keep  out  the  min  and  snow.  A 
goo<l  form  is  shown  in  Fig.  14. 

Very  good  results  may  be  obtained  by  simply  letting  the  flues 
opeo  into  an  unfinished  attic  and  dc{>ending  upon  leakage  througi* 


Fig.  13. 
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the  roof  to  carry  away  the  foul  air.  The  flow  of  air  thit>ugh  the 
vents  will  Ix)  slow  at  Ijest  unless  some  means  is  provided  for  warm- 
ing the  air  in  the  flue  to  a  temperature  above  that  of  the  room  with 
which  it  connects.  This  may  Ije  done  by  carrying  up  a  loop  of 
steam  pipe  inside  of  the  flue.  It  should  be  connected  for  drain- 
age and  air  venting  as  shown  in  Fig.  15. 

For  schoolhouse  work  we  may  assume  average  velocities 
through  the  vent  flues  as  follows  : 

1  st  floor  340  feet  per  min. 
2nd  "     280 
3rd    '^     220 

Where   fluo   sizes  aie  l)ased  on  these  velocities  it  is  well  to 
^  ^^^^  JK  guard  against  down  drafts  by  plac- 

Y^^^^"^  ^^^^^^T     *"g  ^^^    aspirating   coil    in    the   flue. 
X^'*^**^^^  ^^,,,00^^^^ J    A  single  ix)W  of  pipes  across  the  flue 

as  shown  in  Fig.  16  is  usually  suffi- 
cient for  this  purpose.  The  slant 
height  of  the  heater  should  be  about 
twice  the  depth  of  the  flue  so  that 
the  area  between  the  pipes  shall  equal 
the  free  area  of  the  flue. 

Large   vent  flues    of   this   kind 
sliould  always  be  provided  with  dam- 
pers   for   closing    at    night    and   for 
regulation  during  strong  winds. 
Sometimes  it  is  <lesired  to  move  a  given  quantity  of  air  through 
a  flue  wliich  is  alieady  in  ])la(*e. 

Table  I  shows  what  velocities  may  be  obtained  through 
Hues  of  different  heights  for  varying  differences  in  temperature 
between  tlie  outside  air  and  that  in  the  flue. 

Kxanq)le.  -  It  is  desin^d  to  discharge  1300  cubic  feet  of  air 
per  minute  through  a  flue  having  an  area  of  4  square  feet  and  a 
height  of  30  ft'(»t.  It"  the  ellicieney  of  an  aspimting  coil  is  400 
B.  T.  n.  how  many  s([Uiire  feet  of  surface  will  l)e  required  to 
move  this  amount  of  air  when  the  temperature  of  the  room  is  70° 
and  the  outsider  temperature  is  ()0°  ? 

1800  ^  4  =  3*2')  feet  per  minute  =•  velocity  through  the 
flue.      Looking    in    table    I   and   following  along  the  line   opj>o- 
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site  a  80-foot  flue  we  find  that  to  obtain  this  velocity  there  must 
be  a  difference  of  30  degrees  between  the  air  in  the  flue  and  the 
extemal  air.  If  the  outside  temperature  is  60  degrees  then  the 
air  in  the  flue  must  be  raised  to  60  -{-  30  =  90  degrees.     The  air 

TABLE  L 


Height  ot 

Flaain 

Feet. 

BxQeta  of  Temperatore  of  Air  in  Flae  above  that  of  External  Air. 

6» 

10" 

15' 

20» 

30" 

50" 

5 
10 
15 
20 

25 
30 
35 
40 
45 
50 
60 

65 
77 
94 
108 
121 
188 
148 
158 
162 
171 
188 

76 
108 
188 
158 
171 
188 
208 
217 
230 
242 
264 

94 
188 
162 
188 
210 
280 
248 
265 
282 
297 
325 

109 
153 
188 
217 
242 
265 
286 
306 
325 
342 
373 

134 
188 
230 
265 
297 
325 
351 
375 
398 
419 
461 

167 
242 
297 
342 
383 
419 
453 
484 
514 
541 
594 

of  the  room  being  at  70  degrees,  a  rise  of  20  degrees  is  necessaiy, 
80  the  problem  resolves  itself  into  the  following  —  What  amount 
of  heating  surface,  haying  an  eiliciency  of  400  B.  T.  U.  is  neces- 
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Fig.  15. 

sary  to  raise  1800  cubic  feet  of  air  per  minute  through  20  degrees? 
1800  cubic  feet  per  minute  =  1300  X  60  =  78,000  per  hour, 
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Kiid  iiiiikiiig  use  nt  our  formula  for  *'heat  for  veDtilation,"  we 
have 

78.Q00^X20^a8.363B.T.U.. 

and   Uiis  divided  by  400  ^  71    square  feet  of   heating  surface 
required. 


ICxaitiple. —  ^Vluit  size  of  lieater  will  be  required  in  a  vent 
flue  -10  Teet  liigli  and  with  an  iii-ea  of  5  square  feet,  to  enable  it  to 
diuchui^e  1530  cubic;  feet  yier  minute,  when  the  outside  teiupem- 
tuie  is  liO"':'     (Asauine  a  heater  efficiency  of  400  B.  T.  U.) 

Vel.wity  in  flue  =  1530  -^  5  =  306  feet  per  minute. 

Tenipenituve  exeess,  from  Table  I,  =  20  degrees, 

H.  T.  1 '.  re(i«iied  per  hour  =  1530  X  60  X  10  -H  55  =  16690 
requiring  16690  4-  400  ^^  41.7  s(|Uiire  feet  of  heater. 

Registers.  Registers  are  made  of  cast  iron  and  bronze,  in  a 
great  variety  ()f  sii^es  and  patterns.  The  universal  finish  for  cast 
iron  in  Iilaek  -  .lupun  "  ;  they  ara  also  flnished  in  colora  and  electro- 
plated with  cupper  and  nickel.  Fig.  17  shows  a  section  through 
IV  floor  register  in  which  "  A  "  represents  the  valves,  which  may  be 
turned  in  a  vertii;al  or  tionzimtal  position,  thus  opening  or  closing 
tlie  ri-j^ister ;  ■•  It  "  ia  the  iron  l)order,  "  C  "  the  register  box  of  tin 
or  giilvauized  iron  and  '•  1)  "  the  warm-air  pipe.     Floor  registers 
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J  usually  set  in  cast  iron  borders,  one  of  which  is  showu  in  Fig. 
5.8,  while  wall  registers  may  be  screwed  directly  to  wooden  bordera 
r  fmniea  to  correspond  with  the  finish  of  the  room.     Wall  regis- 
ters should  be  provided  with  pull  cords  for  opening  and  closing 
from  the  floor;  these  are  shown  g  g 

I  Fig.  19.     The   plaui  liMn-'- 
tern  shown  in  Fig.  20  is  tin' 
Wt  for  aclioolliouBC  work  a>^  h 
comijanitively  fret?  n].,  n- 
;  for  air  (low  jind  is  pltii,-.i:L- 
and   simple  in    design.       Mure 
elaborate  patterns  aro  used  for  ^'S- 1"!- 

fine  dwelling-house  work.  Roisters  with  shut-off  valves  are 
led  for  air  inlets  while  the  phiin  register  fiicey  witiunit  the  valves 
\  placed  in  the  vent  openings.     The   vent    flties   are    usually 


Fig.  18. 

gfftttiered  together  in  tlio  attic  and  a  single  damper  may  l>c  used  to 
shut  off  the  whole  iiiimt>er  at  once.  Flat  or  round  wire  grating;! 
()foi>en  pattern  are  often  used  in  place  of  renter  faces.  The 
grill  or  solid  part  of  a  register  face  usually  takes  up  altout  J  of  tlio 
arm.  hence  in  computiugtlie  size  we  must  allow  fortliisby  tnultiply- 
Ifiag  the  required  "net  area"  \yy  1.5  to  obtjiin  the  "total"  or 
govor  all  "  area. 

i^or  example,  suppose  we  have  a  flue  10  inchoa  ia  width  and 
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wish  to  use  a  register  ImTJiig  a  free  area  of  200  eqaara  i 
wlmt  will  Iw  the  required  height  of  the  register?  200  X  1-5  ^=-  3 
square  inches  which  is  the  total  areu  required,  tlieti  300  ~  10  ^=  8 
whit^li  is  the  requirpO  lieightanil  we  abouW  use  a  10'  X  « 
registfv.  When  a  register  is  sjwkeii  of  as  a  10'  X  30' 
Hr  X  20',  etc.  the  dimeusions  of  the  latticed  opening  1 
and  not  tJie  oiitsidtt  dimensions  of  the  wliolo  register.  The  i 
o|i6riilig  ijlioilld  liitve  thf  sumc    iireii  un    t\w    (Iik'    with    n-hi<j 
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connects.  In  dt'siguing  new  work  one  should  provide  him 
with  a  trade  catalogue,  and  use  only  standard  eizcs  an  special 
piitterntt  and  sizes  iiro  costly.  Fig.  21  sliows  the  method  of 
placing  gossamer  check  valves  back  of  the  vent  register 
to  prevent  down  Ji-.ifu.  tlit-  same  hh  descriljed  for  fresh-ait  i\ 
Pipe  Connections.  The  two-pijw  system  with  dry  or  a 
returns  is  used  in  indirect  heating.  The  conditions  to  be  met  are 
practically  the  same  as  in  direct  heating,  tlie  only  difference  being 
that  the  mdiators  ar^e  at  the  Iwisement  oeiUng  instead  of  on  J 
floors  aliove.  The  exact  method  of  making  the  pipe  i 
tiotitf  will    dejiend  somewhat    upon   existing  conditions,  biiM 
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geneml  metliod  shown  in  Fig.  22  may  be  used  as  a  guide  witli 
tnodiRcatioiis  to  suit  any  special  case.  The  enda  of  all  supplj 
mains  should  he  dripped,  and  tlie  horizontal  returns  should  be 
sealetl  if  {wssible. 

Pipe  Sizes.  The  tables  uli'eady  given  for  the  iii-oportioning 
of  pipe  sizes  can  be  used  for  indirect  systems.  The  following 
Uhle  has  been  computed  for  nii  efTuiiency  of  ()40  B.  T.  U.  \k-i- 
square  foot  of  surface  [wr  hour,  which  coiresponds  to  a  coudeusa- 
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tion  of  I  of  a  [wund  of  stoam.  This  is  twice  that  allowi'd  fo: 
dinjct  radiation  in  table  XIII.  of  Part  I.,  so  that  w<:  can  consider 
1  square  foot  of  indiruct  surface  as  equal  tu  2  of  direct  in  com- 
puting pipe  sizes. 

As  the  indirect  heaters  are  placed  in  the  biiHcinent,  eaic^  must 
be  taken  that  the  bottom  of  the  nidiator  does  not  conic  ton  near 
the  water  line  of  tlie  boiler,  or  the  condensation  will  not  fli.'w  l>ack 
properly ;  this  distance  should  not  he  less  thiiii  2  feet  under 
ordinary  conditions.  If  much  less  than  this,  the  pipes  should  be 
made  eztn  lai^  so  there  may  be  little  or  no  drop   in  pressurf 
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between  the  boiler  and  the  heater.     A  drop  in  pressure  of  1  pound 
would  raise  the  water  line  at  the  heater  2.4  feet. 

Direct-Indirect  Heating:.  The  general  form  of  a  directr 
indirect  radiator  has  been  shown  in  Figs.  10  and  11  of  Part  I. 
Another  form  where  the  air  is  admitted  to  the  radiator  through  the 
wall  instead  of  the  floor  is  shown  in  Fig.  23.    Fig.  24  shows  the  wall 
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Kisr.  22. 

1k)x  with  louvre  sLits,  and  netting,  through  which  the  air  is  drawn. 
A  (liini[)(fr  door  is  placed  at  either  end  of  the  radiator  base,  and  if 
desired,  wlien  the  cold  air  supply  is  shut  off  by  means  of  the 
register  in  the  air  duct,  the  radiator  can  be  converted  into  the 
ordinary  typ*'  by  opening  botli  damper  dooi*s,  thus  taking  the  air 
from  the  room  instead  of  from  the  outside.  It  is  customary  to 
increase  the  size  of  a  direct-indirect  radiator  30  per  cent,  above 
that  called  for  in  the  case  of  direct  heating. 
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TABLE  II. 


8ixe  of 

Square  Feet  of  Indirect  Badiation  which  will  be  Sapplied  with 

Pipe. 

\  Pound  Drop  in  900  Feet. 

\  Poand  Drop  In  100  Feet. 

\  Pound  Drop  in  100  Feet. 

1 

ij 

n 

2 

5 
6 

7 
8 

28 

51 

67 

185 

.S35 

540 

812 

1140 

2030 

3260 

4830 

6800 

40 

72 

95 

262 

475  ■ 

775 

1160 

1625 

2900 

4660 

6900 

9720 

57 

105 

170 

375 

675 

1105 

1645 

2310 

4110 

6600 

9810 

13860 

CARE  AND  nANAQEMBNT  OF   STEAM  HEATING  BOILERS. 

Special  directions  are  usually  supplied  by  the  maker  for  each 
kind  of  boiler,  or  for  those  which  are  to  be  managed  in  any 
peculiar  way.  The  following  general  directions  apply  to  all 
makes,  and  may  be  used  regardless  of  the  type  of  boiler  em- 
ployed. 

Before  starting  the  fire  see  that  the  boiler  contains  sufficient 
water.  The  water  line  should  be  at  about  the  center  of  the 
gage  glass. 

The  smoke  pipe  and  chimney  flue  should  be  clean  and  the 
draft  good. 

Build  the  fire  in  the  usual  way,  using  a  quality  of  coal 
which  is  best  adapted  to  the  heater.  In  operating  the  Are  keep 
the  flre-pot  full  of  coal  and  shake  down  and  remove  all  ashes  and 
cinders  as  often  as  the  state  of  the  fire  requires  it. 

Hot  ashes  or  cinders  must  not  be  allowed  to  remain  in  the 
ash  pit  under  the  grate  bars  but  must  be  removed  at  regular  in- 
tervals to  prevent  burning  out  the  grate. 

To  control  the  fire  see  that  the  damper  regulator  is  properly 
attached  to  the  draft  doors,  and  the  damper ;  then  regulate  the 
draft  by  weighting  the  automatic  lever  as  may  be  required   to 
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obbiin  llie  iiecessctry  Btetuii  pressure  for    warmiDg.     Sbould    tb^ 

WHter  in  the  boilei-  escxpe  hy   means  of  it  Iiroken  gage  gl^sfi,  i 

from  any  otiiei-  oHuse,  tim  Are  should  Ije  dumped,  and  ttie  boilej 

iillowed  to  cr>ol  before  uddinj^  cold  water. 

An  empty  lioiler  should  never  be  lilted  whtn  hot.     If  tli(] 

wat^r  gels   low   at  any  Unit;,  hut  still  shows  in  the  g-ige  glaa 
more    water    sbould    be   added 
hy  tbf  iiieaus  provided  for  Uiuj 
purpfwe. 

The  safety  valve  should  b 
Ufted  «ii-i;asion&lly  to  see  Uial 
it  is  in  working  order. 

If   thu   hoilor    is    used 
connection  with  a  gravity  systenfl 
it  should  lie  clvaiicd  each  vi^i 
by  HUing  with  puiB  water  an^ 
emptying  through  the  hlaw-oK 
If    it  should   iMConie    foul 
dirty    it     i^an    t>e     thoroughlg 
cleansed    by    adding   ii    ftii| 
pounds    of    caustic    soda 
allowing  it  to  stand  for  a  da^ 
anil    then    emptying   and   thoi 
uugfaly  rinsing. 

During  the  summer  raontU 
it    is    recommended     that 

water  be  tirawii  off  from    tiiu  .synl«m,  and    that  air  valvijs   au4 

safety  valves  bo  opened  to  [lermit  the  lieator  to  dry  out  and  1 

remain  so. 

Good  reaulta  are  however  obtained  by  Hlliug  the  heater  full 

of  water,  driving  off  the  air  by  boiling  slowly,  and  allowing  iS 

to  remain  in  this  condition  until  needed  in  the  fall.     The  wate 

should  then  be  dmwu  off  and  fresh  wat«r  added. 

The  heating  surfiict!  of  the  boiler  .should  be  kepi  clean  nnt 

free  from  ashes  and  soot  by  means  of  a  bm^h  matle  especially  foi 

this  purpose. 

Should  any  of  tlie   rooms   fail   to  heat,  examine  the  ste 

vulveu  at  the  radiators.     If   a  two-pipe    system    both    valves  i 
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each  radiator  must  be  opened  or  closed  at  the  same  time  aa  i-e- 
quired.    See  that  the  air  valves  are  in  working  condition. 

If  the  building  is  to  be  unoccupied  in  cold  weather  draw 
all  the  water  out  of  the  system  hy  opening  tlie  blow-off  pipe  at 
the  boiler  and  hU  steam  and  air  valves  at  the  radiators. 
HOT  WATER  HEATERS. 
Types.  Hot  water  heaters  differ  from  steam  boilei'S  principally 
in  the  omission  of  the  reseiToir  or  space  for  steam  above  the  heat- 
ing surface.  The  steam  boiler  might  answer  as  a  beater  for  hot 
water,  but  the  large  capacity  left  for  the  steam  would  tend  to 
make  its  operation  slow  and  ratlier  uimati^factory,  although  the 
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same  type  of  boiler  is  sometimes  iised  for  both  steam  and  hot 
water.  Tlie  passages  in  a  hot  water  heater  need  not  extend  so 
directly  from  bottom  to  top  iis  in  a  steam  boiler,  since  the  problem 
of  providing  for  the  free  liberation  of  the  steam  bubbles  does  not 
have  to  be  considered.  Jn  geneml,  the  beat  from  the  furnace 
should  strike  the  surfaces  in  such  a  manner  as  to  increase  tlie 
natural  circulation  ;  this  may  be  accomplished  to  a  certain  extent 
hy  arranging  the  heating  surface  so  tiiat  a  lai^e  proportion  of  the 
direct  heat  will  be  absorbed  ne^r  the  top  of  the  heater.  Practi- 
cally the  boilers  for  low-pressure  steam  and  for  hot  water  differ 
from  each  other  very  little  as  to  the  character  of  tlie  heating-sur- 
face, so  that  the  methods  already  given  for  computing  the  sine  of 
grate  surface,  horsepower,  etc.,  under  the  head  of  steam  boilers 
can  be  used  with  satisfactory  results  in  the  case  of  hot  water 
heaters.  It  is  sometimes  stated  that  owing  to  the  greater  differ- 
ence in  temperature  between  the  furnace  gases  and  the  water  in  a 
hot  water  heater,  as  compared  with  steam,  that  the  heating  su^ 
face  will  be  more  efficient  and  that  a  smaller  beater  can  be  used  - 
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vhile  this  ia  true  to  n  certain  extent  different  autlioritics  agree 
that  tbis  adviuiUige  la  ho  aiiiall  that  ikj  iiccount  sKoutd  lie  tnktiti  of 
it,  ntid  the  genenil  pru^ortioiia  of  the  heater  should  be  c^citlated 
iu  the  same  manQer  as  for  steain.  Fig.  "25  ahows  a  fomi  of  hoi 
water  heater  iniidu  up  of  .sIaIm  or  sections  similar  to  the  seotioni 
steam  Iwilur  shown  iu  Part  I  ;  the  w«l>  can  be  increiiaed  iti  tbi 
same  way  by  ndding  more  sliiKs.  A  difTerenl  form  is  shown  in 
Fig.  26.     This  is  made  of  oast  iron  but  is  not  a  sectiatial  boiler. 


iiiif' 


#« 


It  has  no  IinrizoTital  flues  for  the  ashes  and  woot  to  roUect  in  anq 
a  greater  part  of  Uie  heiiting  surfjwi-  is  diie<^tly  cxp'isi*il  to  th< 
hottest  part  of  the  fire.  Fig.  27  shows  another  form  of  heata 
similar  iu  principle  to  the  one  just  de^crlbeil.  The  sjuiui^  hetween 
the  oiiUtr  and  inner  shells  surrounding  the  furnace  is  filled  ' 
water  and  also  the  crass  pipes  directly  over  the  fire  and  the  drum 
at  the  top.  The  supply  to  the  radiatoi-s  is  taken  off  from  the  t 
oi  the  heater  and  the  return  connects  at  the  lowest  point. 

The    ordinary   horizontal  and  vertical  tubular   boilers  " 
8  modifications  are  used  to  quite  au  extent  fur  hot  w 
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heiiting  and  ni-a  well  adapted  tn  this  c\8sa  of  work,  especially  in 
the  ciise  of  large  Imildiiigs, 

Automatic  regulators  arv  tift«n  used  for  the  purpose  of  mtuu 


I'-it:.  26, 


I  taimngn  toiiBtant  tempemtui-e  of  the  wnier.  Tliey  nre  constmcted 
1  different  u-ays — some  dejwnd  upon  Uie  expsLmioa  of  n  metal 
E^pe  or  rod  at  different  temperatures,  njid  ottieni  upon  tlie  vapor* 
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izutioii  and  consequent  pressure  of  certttiri  volatile  liquWs.  TIies«  I 
meniia  are  uaually  emjiloyed  to  open  small  valvea  whii^h  admitfl 
water  pressure  umler  rubber  lUnpliragm^,  snii  tlii^se  in  turn  ai^l 
connected  by  means  of  cliiiins  with  tlie  draft  dnora  ci(  the  /uriia 
and  so  reguluto  tbe  draft  as  rui|uired  to  inaintnin  nil  even  liMiipeNl 
alnre  of  the  water  in  llie  heater.  Fig.  28  shows  one  of  the  first] 
kind.  "  A"  i»  a  metal  rod  placed  in  the  flow  pipe  from  the  heuUr,  J 
Hnd  is  so  connected  witli  the  valve  "B"  tliat  when  the  water  I 


reaches  a  certain  temperature  the  expaiutiim  of  the  rod  npens  tb«fl 
valve  and  admits  water  from  tlie  street  jireaiure  through  the  pipeal 
"  C  "  and  •>  D  "  mt«»  the  clmnil)er  "  E."  The  Iwtloni  of  "  E  '*  consists  I 
of  a  lublxT  diaphragm  which  is  forced  ilowii  by  the  w«t«r  prc^ssiire  I 
and  carries  with  it  the  lever  whicfi  operates  the  dampers  as-l 
shown,  and  checks  the  fire.  When  the  {.Kmperatnre  of  the  wat«lT^ 
drops,  tlie  rod  contracts  and  valve  "B"  c'oiteii,  shutting  off  thri 
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pressure  from  the  chamber  "  E."  A  spring  is  provided  to  throw 
the  lever  back  to  its  original  position  and  the  wt-ter  above  the 
diaphragm  is  forced  out  through  the  pet  cock  "  G  "  which  is  kept 
slightly  open  all  of  the  time. 

DIRECT  HOT  WATER  HEATING. 

A  hot  water  system  is  similar  in  construction  and  operation 
to  one  designed  for  steam,  except  the  hot  water  flows  through  the 
pipes,  giving  up  its  heat  by  conduction  to  the  coils  and  radiators, 
which  in  turn  transfer  it  to  the  air  of  the  room  by  conduction 
and  radiation. 

The  flow  through  the  system  is  [)rodiiced  solely  by  the 
diflference  in  weight  of  the 
water  in  the  supply  and 
return  pipes,  due  to  the 
diflference  in  temperature. 
When  water  is  heated  it 
ex[)ands,  and  thus  a  given 
volume  becomes  lighter 
and  tends  to  rise,  and  the 
cooler  water  flows  in  to 
take  its  phice ;  if  the  appli- 
cation of  heat  is  kept  up 
the  circulation  thus  pro- 
duced is  continuous.  The 
velocity  of  flow  depends 
upon  the  difference  in" 
temperature  between  the 
supply  and  return,  and 
the  height  of  radiator 
above  the  boiler.  The 
horizontal  distance  of 
the  radiator  from  the  boiler  is  also  an  important  factor. 
Types  of  Radiating:  Surface.  Cast  iron  radiatoi-s  and  circu- 
lation coils  are  used  for  hot  water  as  well  as  for  steam.  Hot 
water  radiators  differ  from  steam  radiators  principally  in  having 
a  horizontal  passage  at  the  top  as  well  as  at  the  bottom.  This 
coastructioii  is   necessaiy  in  order   to    draw  off   the   air   wliich 
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gatliers  at  the  top  of  each  loop  or  section.  Othermse  they  are 
the  same  as  steam  radiatora,  and  are  well  adapted  for  the  circu- 
lation of  steam,  and  in  some 


•^i^ 


Fig.  29. 


respects  are  saperior  to  the 
ordinary  pattern. 

The  fonn  shown  in  Fig. 
29  is  made  with  an  opening 
at  the  top  for  the  entrance 
of  water  and  at  the  bottom 
for  its  discharge,  thus  insure 
ing  a  Bupply  of  hot  water  at 
the  top  and  of  colder  water 
at  the  bottom. 

Some  hot  water  radiators 
are  made  witli  a  cross-partition 


«o  arrangt^d  that  all  water  entering  })a8ses  at  once  to  the  top,  from 
which  it  may  take  any  passage  toward  the  outlet.  Fig.  SO  is  the 
nioi-e   conimou  form  of   radiator,  and   is    made  with   continuous 


passages  at  top  iind  iMiKom  ;  the  hot  water  is  supplied  at  on? 
sidf  add  drawn  off  at  the  other.  The  action  of  gravity  is  de- 
jH'ndfd  upon  fur  milking  tlie  hot  and  lighter  water  pass  to  the 
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top,  and  the  colder  water  sink  to  the  bottom  and  flow  off  through 
the  return.  Hot  water  radiators  are  usually  tapped  and  plugged 
so  that  the  pipe  connections  can  be  made  either  at  the  top  or  at 
the  bottom.     This  is  shown  in  Fig.  31, 

Efficiency  of  Radiators.  The  efficiency  of  a  hot  water  radia- 
tor  depends   entirely-  upon    the    temperature   at  ^ ^ 

which  the  water  18  circulated.  The  beat  practical 
results  are  obtained  with  the  water  leaving  the 
boiler  at  a  maximum  temperature  of  about  180 
degrees  in  zero  weather  and  returning  at  about 
160  degrees ;  this  gives  an  average  temperature  of 
170  in  the  radiators.  Variations  may  be  made 
however  to  suit  the  existing  conditions  of  outside 
temperature.  We  have  seen  that  an  average  east 
iron  radiator  gives  off  about  1.5  B.  T.  U.  per  hour 
per  square  foot  of  surface  per  degree  difference  in 
temperature  between  the  surrounding  air  and  the 
radiator,  when  working  under  ordinary  conditions, 
and  this  holds  true  whether  filled  with  steam  or 
water. 

If  we  assume  an  average  temperature  of  170 
degrees  for  the  radiators  then  the  difference  will  be  170  —  70  = 
100  degrees,  and  this  multiplied  by  1.5^^150  which  may  be 
taken  as  the  eflScieney  of  a  Iiot  water  radiator  under  the  above 
conditions,  which  represent  good  average  practice. 

This  calls  for  a  water  radiator  about  1.5  times  as  large  as  a 
steam  radiator  to  heat  a  given  room  under  the  same  conditions. 
This  is  common  practice  although  some  engineers  midtiply  by  the 
hctor  1.6  which  allows  for  a  lower  temperature  of  the  water. 
Water  leaving  the  boiler  at  170  degrees  should  return  at  about 
150;  the  drop  in  temperature  should  not  ordinarily  exceed  20 
degrees. 

System  of  Piping.  A  system  of  hot  water  heating  should 
produce  a  perfect  circulation  of  water  from  the  heater  to  the  radiat- 
ing surface,  and  thence  back  to  the  heater  through  the  i^turns. 
The  system  of  piping  usually  employed  for  hot  water  heating  is 
shown  in  Fig.  32.  In  this  arrangement  the  main  and  branches 
have  an   inclination   upward  from  the   heater;  the    returns   ara 
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parallel  to  the  nmins  nnd  hare  an  incUnaUon  downward  toward 
tli<>  lii'iitcr,  and  connect  with  it  at  the  lowest  point.  The  flow 
pipes  or  risen*  are  taken  from  the  tops  of  the  mains  and  may 
supply  cine  or  more  radiators  as  required.  The  return  risers  or 
drops  are  coiinecieil  with  the  return  mains  in  a  umilar  manner. 
In  this  s^'stcin  great  care  must  be  taken  to  produce  a  nearly  equal 
resistiiiice  to  flow  in  all  of  the  branches  so  that  each  radiator  may 
receive  its  full  supply  of  Avater.  It  will  always  be  found  that  the 
princijuil  current  of  heated  water  will  take  the  path  of  least  resis- 
tm)i-e,  and  that  a  .small  obstruction  or  insularity  in  the  piping  is 
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BuflioieTit  to  iiilerfcre  srrcatly  with  the  amount  of  heat  received  in 
tilt'  ditTci-ciit  parts  uf  lln^  f-nnif.  system. 

Expansion  Tank.  1-very  system  for  hot  water  heating 
alionlil  lie  cnnnci'tcd  with  iii\  expiuision  tank  placed  at  a  point 
sfuupwhat  alxn-c  tlie  liighest  liuliator.  The  tank  must  in  every 
CHKc  III-  i-oiincctwl  tf»  a  line  of  piping  which  cannot  hy  any  possible 
nieaiiH  Ix:  shut  ofT  from  tlii'  l>i>iler.  When  water  is  heated,  it 
cxjiiKuls  11  eerfciin  jiiununt,  depending  upon  the  temjierature  to 
which  it  is  raised  and  a  tank  or  resenoir  should  alwaj-s  lie  pro- 
vided t"  enro  for  tliis  increase  in  vohime. 

Kxpiiiisioii  tanks  are  usually  ma<le  of  heavy  galvanijteil  iron 
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of  one  of  the  forms  shown  in  Figs.  33  and  34,  the  latter  being 
used  where  the  head  room  is  limited.  The  connection  from  the 
heating  Sjrstem  enters  the  bot- 
tom of  the  tank  and  an  open 
vent  pipe  is  taken  from  the  top. 
An  overflow  connected  with  a 
sink  or  drain  pipe  should  l)e 
provided.  Connections  should 
be  made  with  the  water  supply 
both  at  the  boiler  and  at  the 
expansion  tank,  the  former  to 
be  used  when  first  filling  the 
system,  as  by  this  means  all  air 
is  driven  from  the  bottom  up- 
ward and  is  discharged  through 
the  vent  at  the  expansion  tank. 
Water  that  is  added  afterward 
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may  be  supplied  directly  to  the  expansion  tank  wliere  tlie  water 
line  can  be  noted  in  the  gage  glass.  A  l)all  cock  is  often  arrange<l 
to  keep  the  water  line  in  the  tank  at  a  constiint  level. 
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The  size  of  the  expansion  tank  depends  upon  the  volume  of 
water  contained  in  the  system,  and  the  temperature  to  which  it  is 
heated.  The  following  rule  for  computing  the  capacity  of  the 
tank  may  be  used  with  satisfactory  results. 

The  square  feet  of  radiation  divided  by  40  equals  the  required 
capacity  of  the  tank  in  gallons. 
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Overhead  Distribution.  This  system  of  piping  is  shown  in 
Fig.  So.  A  single  riser  is  carried  directly  to  the  expansion  tank, 
from  whieli  branches  are  taken  to  supply  the  various  drops  to 
which  the  radiators  are  connected.  An  important  advantage  in 
connection  with  this  system  is  that  the  air  rises  at  once  to  the 
expansion  tank  and  escapes  through  the  vent,  so  that  air  valves 
are  not  required  on  the  i-adiators. 
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Pipe  Connections.  J'here  are  various  methods  of  connect- 
in^^  the  radiators  with  the  mains  and  risers.  Fig.  86  shows  a 
radiator  connected  witli  the  liorizontal  flow  and  return  mains 
whicli  are  located  below  the  floor.  The  manner  of  connecting 
wiili  a  vertical  Tiser  and  return  drop  is  shown  in  Fig.  37^  As  the 
water  tends  to  flow  to  the  liighest  point,  the  radiators  on  the  lower 
floors  should  l)e  favored  hy  inakuig  the  connection  at  the  top  of 
the  liser  and  taking  tlie  i)ii)e  for  the  upper  floors  from  tlie  side  as 
shown.  Fig.  38  illustrates  the  manner  of  connecting  with  a 
radiator  on  an  upper  floor  where  the  supply  is  connected  at  the 
top  of  the  radiaUir. 
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The  connections  shown  in  Figs.  Sd  and  40  are  used  with  the 
overheud  system  shown  in  Fig.  35. 

Where  the  connection  ia  o£  the  form  shown  at  the  left  in 
Fig.  35,  the  cooler  water  from  the  radiators  is  discharged  into  tiie 
supply  pipe  again  so  tliat  the  water  furnished  to  the  radiatoi's  on 
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the  lower  floors  is  at  a  lower  temperature,  and  the  amount  of  heat- 
ing surface  must  be  correspondingly  increased  to  make  up  for  this 
loss.' 

For   example, — If  in    the  case  of  Fig,   3.5    wo  n-'^sume    the 
water  to  leave  the  heater  at  180  degrees  ilikI  retnri)  ntlOO  we 
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shall  have  a  drop  in  temperature  of  10  degrees  on  each  floor, 
that  is,  the  water  will  enter  the  radiator  on  the  second  floor  at 
180  degrees  and  leave  it  at  170  and  will  enter  the  radiator  on  the 
first  floor  at  170  and  leave  it  at  160.  The  average  temperatures 
will  he  175  and  16;>  respectively.     The  efficiency  in  the  firat 
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case  will  be -ITS  — 70  =  105  and  105  X  1-5  =  157.  Iq  the  second 
ease  165—70  =  95  and  95  X  l-5=sU2,  bo  that  the  iiadiator  on 
the  first  floor  will  have  to  be  larger  than  that  on  the  second  floor 
in  the  ratio  of  157  to  142,  in  order  to  do  the  same  work. 

Wheru  the  I'ailiators  discharge  into  a  separate  return  as  in 
the  case  of  Kigr,  32  or  those  at  the  right  in  Fig.  35,  we  may  as- 
sume the  temperature  of  the  water 
to  lie  the  same  on  all  floors  and  g^re 
the  i-adiatots  an  equal  efficiency. 

In  a    dwelling  house    of    two 

stoiies  no  difference  would  be  made 

in  tlie  sizes  of  radiatois  on  the  two 

i  floors,  hut  in  the  case  of  a  tall  office 

3  Imilcling    corrections     would    nece^ 

'  sarily  be  made  as  described. 

Where  circulation  coils  are  used 
they  •hould  be  of  a  form  wliich  will  tend  to  produce  a  flow  of 
water  througli  them.  Figs,  41,  42  and  43  show  different  ways  oi 
making  up  iind  connecting  these  coils.  In  Fijjs.  41  and  43  the 
supply  pipe.'j  mny  be  eitlier  drops  or   risei-s,  and  in  the    luttei 
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Ciise  tlic  roHini  in  Kicf.  43  may  t»e  canied  back  if  desired  into  tlie 
siijiply  ilrop  na  slmwn  liy  tlic  ilntted  lines. 

Combination  Systems.  Sometimes  the  boiler  and  piping 
afe  iwianpcil  for  cither  stcani  or  liot  water,  since  tlie  demand  for  a 
higher  or  lowtT  tein|ierature  of  the  railiators  might  change. 

The  olijfot  of  this  iirrunj^meiit  is  to  secure  the  advanti^es 
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of  a  liot  water  system  for  moderate  temi»eratures,  and  of  steam 
heating  for  extremely  cold  weather- 
As  less  radiating  surface  is  required  for  steam  lieating,  tlicre 
is  an  advantage  due  to  die  reduction  in  first  cost.     This  in  of  con- 


^ 


aiderable  importance,  as  a  heating  system  must  he  designed  of 
Bucb  dimensions  as-  to  he   capahle  of  warming  a  building  in  the 
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coldest  weather,  and  this  involves  the  expenditure  of  a  consider- 
»ble  amount  for  radiating  surfaces,  which  are  needed  only  at  rare 
iotervala,  A  combination  system  of  hot  water  and  st«am  iieating 
requires,  flnt,  a  heater  or  boiler  which  will  answer  for  eitlier  pur 
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yxMu ;  Necoiid,  a  system  of  piping  which  will  permit  the  circulHtion 
of  (hither  Kteam  orliot  water;  and  third,  the itse  of  radiators  which 
are  adapted  to  IxttU  kinds  of  heating.  These  requirements  will  be 
met  liy  using  ii  steam  boiler  provided  with  all  the  fittings  required 
for  sleain  heating,  but  no  arranged  tliat  the  damper  regulator  nmy 


fig.  «. 


bo  tlosed  by  nitans  nf  viilveH  when  tha  system  is  to  be  used  for 
hot  watpr  in.  itiiig  Tlie  addition  of  an  exjiansion  tank  is  re- 
qniieil  win  h  must  be  so  arranged  that  it  can  be  shut  off  when 
the  system  ib  used  for  steam  heating.  Tlie  system  of  piping 
hIiowh  in  Fig,  32  is  best  adapted 
f  1  ombiiiation  s^'stein,  althougli 
a  Terhend  distribution  as  shown 
J"  g.  35  may  be  used,  by  slmt- 
g  off  the  vent  and  overflow 
J  pe  and  placing  air  valves  on 
I  tl  e     diatortf. 

While  this  system  has  nuiuy 
I  a  tages    in    the    way   of   c«st 
over  flip  loniplctt!  hot  em    jet  the  lalwr  of  changing 

from  stiMiii  111  hni  wiilc         11  o     •,  ca>ies  be  ti-oublesome,  and 

sliould  ilio   (^iKiTici'tiiiii     t     tl      ev[     ision  fcink    not   be   opened, 
serious  n-sults  would  t'ollnw. 

Valves  and  Fittings,     (late  valves  should  always  be  used 
in  connection  with  hot  water  piping,  although  angle  valves  may 
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be  used  at  the  radiators.  There  are  several  patterns  of  radiator 
valves  made  especially  for  hot  water  work  ;  their  chief  advantage 
lies  in  a  device  for  quick  closing,  usually  a  quarter  or  half  turn 
being  sufficient  to  open  or  close  the  valve.  Two  different  designs 
are  shown  in  Figs.  44  and  45. 

It  is  customary  to  place  a  valve  in  only  one  connection  as 
that  is  sufficient  to  stop  the  flow  of  water  through  the  radiator; 
a  fltting  known  as  a  *'  union  elbow  "  is  often  employed  in  place  of 
the  second  valve.     (See  Fig,  46.) 

Air  Valves.  The  ordinary  pet-cock  air  valve  is  the  most  re- 
liable for  hot-water  radiators,  although  there  are  several  forms  of 
automatic  valves  which  are  claimed 
to  give  satisfaction.  One  of  these 
is  shown  in  Fig.  47.  This  is  similar 
in  construction  to  a  steam  trap.  As 
air  collects  in  the  chamber,  and  the 
water  line  is  lowered,  the  float  drops, 
and  in  so  doing  opens  a  small  valve 
at  the  top  of  the  chamber  which 
allows  the  air  to  escape.  As  the 
water  flows  in  to  take  its  place  the 
float  is  forced  upward  and  the  valve 
is  closed. 

All  radiators  which  are  supplied 
by  risers  from  below  should  be  pro- 
vided with  air  valves  placed  in  the 
top  of  the  last  section  at  the  return  end.  If  they  are  supplied 
by  drops  from  an  overhead  system  the  air  will  be  discharged 
at  the  expansion  tank  and  air  valves  will  not  be  necessary  at  the 
radiators. 

Fittings.  All  fittings,  such  as  elbows,  tees,  etc.,  should  Ixj  of 
the  "  long  turn  "  pattern.  If  the  common  form  is  used,  they 
should  be  a  size  larger  than  the  pipe,  bushed  down  to  the  proper 
size.     The  long  turn  fittings,  however,  are  preferable. 

Pipe  Sizes.  The  size  of  pipe  required  to  supply  any  given 
radiator  depends  upon  four  conditions  ;  first  the  size  of  the  radia- 
tor, Becand  its  elevation  above  the  boiler,  third  the  length  of  pipe 
required  to  connect  it  with  the  boiler,  2JiA  fourth  the  difference  in 


Fig.  47. 
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temperature   between   the   supply   and   return.      The   foUowing 
ilhistration  will  sei-ve  to  make  these  points  clear. 

If  we  should  take  a  glass  tube  of  the  form  shown  in  Fig.  48, 
fill  it  with  water  and  hold  it  in  a  vertical  position,  we  would  notice 
that  the  water  remained  perfectly  quiet ;  now  if  the  flame  of  a  lamp 
were  held  near  the  tul«  A  and  a  few  drops  of  coloring  matter  were 
poui-ed  into  the  tube,  we  would  iind  that  the  water  was  in  motion, 
and  the  cun-ent  would  be  in  the  direction  shown  by  the  arrows. 
While  the  water  in  both  tubes  was  at  the  same  temperature,  the  two 
colunius  were  of  the  siinie  weight  and  remained  in  equilibrium.  If, 
however,  the  water  in  column  A  is  heater,  it  expands  and  becomes 
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Fig.  49. 

lighter  than  (lolumii  B,  and  is  forced  upward  by  the  heavier  water 
falling  toward  tlie  bottom  of  the  tube.  The  heated  water  flows 
across  the  top  and  into  B  where  it  takes  the  place  of  the  cooler 
water  which  is  settling  to  the  bottom.  As  long  as  there  is  a 
diflfeience  in  the  temperature  of  the  two  columns  this  action  will 
continue.  If  now  we  replace  the  lamp  by  a  furnace,  and  connect 
the  two  columns  A  and  B  at  the  top  by  inserting  a  radiator,  we 
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shall  have  the  same  illustration  in  practical  form  as  utilized  in 
hot  water  heating.     (See  Fig.  49). 

The  heat  given  off  by  the  radiator  always  insures  a  differ- 
ence in  temperature  between  the  columns  of  water  in  the  supply 
and  return  pipes,  so  that  as  long  as  heat  is  supplied  by  the  furnace 
the  flow  of  water  will  continue.  The  greater  the  difference  in 
temperature  of  the  water  in  the  two  pipes,  the  greater  the 
difference  in  weight,  and  consequently  the  faster  the  flow.  The 
gi'eater  the  height  of  the  radiator  above  the  heater  the  more  rapid 
the  flow,  for  the  difference  in  weight  between  two  columns  1  foot 
high  and  two  columns  10  feet  high  is  ten  times  as  great  and  if 
there  were  no  friction  in  the  pi£)es  the  flow  would  be  directly 
proportional  to  the  elevation  of  the  radiator  above  the  heater. 
The  quantity  of  water  discharged  by  a  given  pipe  under  constant 
pressure  varies  inversely  as  the  length  of  pipe  ;  tliat  is,  if  a  pipe 
100  feet  long  will  discharge  10  gallons  per  minute  under  a  given 
pressure,  it  will  discharge  only  half  as  many  gallons  if  the  length 
is  increased  to  200  feet,  the  pressure  remaining  the  same. 

As  it  would  be  a  long  process  to  work  out  the  required  size 
of  each  pipe  for  a  heating  system,  the  following  tables  have 
been  prepared,  covering  the  usual  conditions  to  be  met  with  in 
practice. 

Table  III  gives  the  number  of  square  feet  of  direct  radiar 
tion  which  different  sizes  of  mains  will  supply  for  varying  lengths 
of  run. 


TABLE  III. 


Square  Feet  of  Radiating  Sarface. 

StM  of  Pipe. 

1 

100  ft. 

200  ft. 

800  ft. 

400  ft. 

600  ft. 

600  ft. 

700  ft. 

890  ft. 

1000  ft. 

Ban. 

Ran 

Ran. 

Ran. 

Ran. 

Ran. 

Ran. 

Ran. 

Ran. 

1 

30 

IX 

60 

50 

1^ 

100 

75 

50 

2 

200 

150 

125 

100 

75 

2K 

350 

250 

200 

175 

150 

125 

8 

550 

400 

300 

275 

250 

225 

200 

175 

150 

8K 

850 

600 

450 

400 

350 

325 

300 

250 

225 

4 

1200 

850 

700 

600 

525 

475 

450 

400 

350 

5 

1400 

1150 

1000 

700 

850 

775 

725 

650 

6 

1600 

1400 

13U0 

1200 

1150 

1000 

7 

■-          — 

1706 

1600 

1500 
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These  quantities  have  been  calculated  on  a  basis  of  10  feet 
difference  in  elevation  between  the  center  of  the  heater  and  the 
•adiators,  and  a  difference  in  temperature  of  17  degrees  between 
the  supply  and  return. 

This  tiible  may  be  used  for  all  horizontal  mains.  For  the 
vertical  risei-s  or  dro|>s,  table  IV  may  l>e  used.  This  has  been 
computed  for  the  same  difference  in  temperature,  and  gives  the 
scjuare  feet  of  surface  which  different  sizes  of  pij)e  will  supply 
on  the  different  floora  of  a  building,  assuming  the  height  of  the 
stories  to  be  10  feet.  Where  a  single  riser  is  carried  to  the  top 
of  a  building  to  supply  the  radiatoi-s  on  the  flooi-s  below,  by  drop 
pipes,  we  must  fn*st  get  what  is  called  the  "'  average  elevation  of 
the  system"  l)(»f()re  taking  its  size  from  the  table.  This  may  be 
illustrated  by  the  following  diagram,  (see  Fig.  50). 

In  A  we  have  u  riser  carried  to  the  thiixl  story  and  from  there  a 
drop  brought  down  to  supply  a  radiator  on  the  first  floor.  The 
elevation  available  for  producing  a  flow  in  the  riser  is  only  10  feet, 
the  same  as  though  it  extended  only  to  the  i-adiator.  The  water 
in  the  two  pipes  alK)ve  the  radiator  is  practically  at  the  same 
temperature  and  therefore  in  equilibrium,  and  has  no  effect  on  the 
flow  of  the  w;it<»r  in  the  riser.  (Actually  there  would  be  some 
radiation  from  the  pipes,  and  the  return,  above  the  I'adiator,  would 
Ix*  slightly  cooler,  but  for  purposes  of  illustration  this  may  he 
neglected).  If  tin'  radiator  was  on  the  second  floor  the  elevation 
of  tlu»  system  would  bo  20  feet  (see  H),  and  on  the  third  floor  30 
feet,  and  so  on.  The  disUuH^e  which  the  pipe  is  carried  above  the 
fn*st  radiator  wliiuli  it  supplies  has  but  little  effect  in  producing  a 
flow,  especially  if  covered,  as  it  should  l>e  in  practice.  Having 
seen  that  the  flow  in  the  main  I'iser  depends  upon  the  elevation  of 
the  radiatoi-s,  it  is  easy  to  see  that  the  way  in  which  it  is  distri- 
buted on  the  different  floors  must  be  considered.  For  example, 
in  P>,  Fig.  ")0,  thcMc  will  be  a  more  rapid  flow  through  the  riser 
with  the  radiators  as  shown  than  there  would  be  if  they  were 
reversed  and  the  larger  one  were  placed  upon  the  first  floor. 

W(i  g(>t  the  average  elevation  of  the  system  by  multiplying 
the  stpiare  feet  oi'  radiation  on  each  floor  by  the  elevation  above 
the  heater,  than  adding  these  i^roduets  together  and  dividing  the  same 
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by  the  total  radiation  in  the  whole  system.     In  the  case  shown 
in  B  the  average  elevation  of  the  system  would  be 

(100  X  30)  +  (50  X  20)  +  (10  X  25)  ^  24  3  +  feet, 

100  +  50  +  25  ■ 

and  we  must  proportion  the  main  riser  the  same  as  tliough  the 
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Fig.  50. 


whole  radiation  were  on  the  second  floor.  Looking  in  table  IV 
we  find  for  the  second  story  that  a  1^  inc!\  pipe  will  supply  140 
square  feet  and  a  2  inch  pipe  275.  Probably  a  li  inch  pipe  would 
be  sufficient 

Although  the  height  of  the  stories  varies  in  different  buildings. 
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10  ff'ct  will  be  fouud  suilieiently  accurate  for  ordinary  practice. 


TABLE  IV. 


Hixe  of 

Sqaare  Feet  of  Badlatinc  Sartaee. 

Riser. 

Ut  Story 

Id  Story 

Sd  story 

Uh  Story 

tth  Story 

<th  Story 

1 

30 

65 

65 

75 

85 

95 

H 

60 

90 

110 

125 

140 

160 

1 

100 

140 

165 

185 

210 

240 

2^ 

200 

275 

875 

425 

500 

H 

350 

475 

r 

550 

3i 

s50 

INDIRECT  HOT  WATER  HEATINQ. 

Types  of  Heaters.  The  licatei-s  for  indirect  hot  water  heat- 
ing are  of  tlie  same  general  form  ns  those  used  for  steam.  The 
heatciTs  shown  in  Figs.  9,  14  and  15  of  Part  I,  are  common 
patterns.     The  "drum  pin,"  Fig.  14,  is  an  excellent  fonn,  as  the 

method  of  making  the 
connections  insures  a 
unifonn  distribution  of 
water  through  the  stack. 
Fig.  51  shows  a  sec- 
tion of  good  form  for 
water    circulation,    and 


( 

\   - 

c 

1 

-  f 

1 

(O) 

^^^ 


Fig.  61. 

also  of  good  depth,  which  is  a  necessary  point  in  the  design 
oi  hot  water  heatrrs.  Th«*y  should  not  be  less  than  10  or  12 
ir'clies  for  gooil  results.  Hi>x  coils  of  the  form  given  for  steam 
may  also  be  used,  provided  tlie  connections  for  supply  and  return 
are  made  of  goo<l  size. 

Size  of  Heaters.  As  indirect  hot  water  heatei*s  are  used 
principally  in  thii  warming  of  dwelling  houses,  and  in  combination 
with  direct  radiation,  the  easi(;st  method  is  to  compute  the  surfaces 
required  for  direct  radiation  and  multiply  these  results  by  1.5  for 
pin  radiators  of  good  dej^th.     For  ^»ther  forms  the  factor  should 
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vary  from  1.5  to  2,  depending  upon  the  depth  and  proportion  of 
free  area  for  air  flow  between  the  sections. 

If  it  is  desired  to  calculate  the  required  surface  directly  by  the 
thermal  unit  method,  we  may  allow  an  efficiency  of  from  360  to 
380  for  good  types  in  zero  weather. 

Flues  and  Casings.  For  cleanliness,  as  well  as  for  obtaining 
the  best  results,  indirect  stacks  should  be  hung  at  one  side  of  the 
register  or  flue  receiving  the  warm  air,  and  the  cold-air  duct 
should  enter  beneatli  the  heater  at  the  other  side.  A  space  of  1 0 
inches,  and  preferably  12,  should  be  allowed  for  the  warm  air 
above  the  stack.  The  top  of  the  casing  should  pitch  upward 
toward  the  warm-air  outlet  at  least  an  inch  in  its  length.  A  space 
of  from  6  to  8  inches  should  be  allowed  for  cold  air  below  the 
stack. 

As  the  amount  of  air  warmed  per  square  foot  of  heating  sur- 
face is  less  than  in  the  case  of  steam,  we  may  make  tiie  flues 
somewhat  smaller  as  compared  with  the  size  of  heater.  The  fol- 
lowing proportions  may  be  used  under  usual  conditions:  1|  square 
inches  per  square  foot  of  radiation  for  the  fii-st  floor,  and  1  ^  square 
inches  for  the  second  floor,  and  1^  square  inches  for  the  cold-air 
duct. 

Pipe  Connections.  In  hot  water  indirect  work  it  is  not 
desirable  to  supply  more  than  80  to  100  squai-e  feet  of  radiation 
from  a  single  connection.  When  the  requirements  call  for  larger 
stacks  they  should  be  divided  into  two  or  more  groups  according 
to  the  size. 

The  branches  supplying  the  stacks  should  pitch  upward  from 
the  boiler  to  a  point  directly  over  the  stack,  then  drop  and  make 
connection  with  the  heater  at  such  a  point  as  the  special  form  in 
use  requires.  An  air  valve  should  be  placed  in  the  highest  point 
of  the  pipe  just  before  it  drops  to  the  heater.  The  return  should 
be  taken  from  the  bottom  of  the  stack  and  carried  at  a  lower 
level  back  to  the  boiler  or  heater. 

Conditions  may  make  it  necessary  to  bring  back  several 
separate  returns  to  the  heater,  but  it  is  better  practice  to  use 
one  large  flow  main  and  a  single  return  of  the  same  size,  branch- 
ing to  the  different  stacks  as  necessary. 

Pipe  Sizes.      As   the   difference   in   elevation   between   the 
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stacks  and  the  heater  is  necessarily  small,  the  pipes  should  be  of 
ample  size  to  offset  the  slow  velocity  of  flow  through  them.  The 
following  sizes  fur  runs  up  to  100  feet  will  be  found  ample  for 
ordinary  conditions.  Some  engineers  make  a  practice  of  using 
somewliat  smaller  pipes,  but  the  larger  sizes  will  in  general  be 
found  more  satisfactory. 

TABLE  V. 

Sizu  of  Pipe.    Square  feet  of  ludirect  Radiation. 

1  15 
11  80 
l|                               50 

2  100 
2J  200 

3  800 
3^  400 

4  GOO 

5  1000 

CARE    AND    MANAGEMENT   OF    HOT   WATER    HEATERS. 

The  (lin»cti(>ns  given  for  the  care  of  steam  heating  boilei's 
ap[>ly  in  a  geiu'nil  way  to  liot  water  heaters  as  to  the  metho<ls  of 
carinjif  for  tho  fires  and  for  cleaning  and  ffllirig  the  heater.  Only 
tlie  spiicial  points  of  ditTcroMce  need  l)e  considered.  Before  build- 
iiicc  tlie  lire  all  tlie  pipes  an«l  radiators  must  Ire  full  of  water  and 
the  expansion  tank  sliould  bt;  partially  filled  as  imlieated  by  the 
p;age  glass.  Should  the  water  in  any  of  the  radiatojs  fail  to 
cireulate,  se*^  tliat  the  vaivi-s  are  wide  open  and  tliat  the  radiator 
is  free  from  air.  Water  imist  always  be  added  at  the  expansion 
tank  wlieii  for  any  reason  it  is  drawn  from  tlie  svstem. 

rh(i  re(jnired  temperature  of  the  water  will  depend  upon  the 
outsi<le  conditions  and  oidy  eiioiij^h  lire  should  be  carried  to  keep 
ihe  rooms  eomfnrtably  waini.  Thermometers  sliould  Ik>  placed  in 
the  flow  and  return  pipes  near  the  heater  as  a  guide.  SjH'cial 
forms  aie  made  for  this  j)urpo<(^  in  which  the  bulb  is  immersed  in 
a  bath  of  oil  or  meriuiry.      S(»e  Fig.  oii. 

EXHAIST  STEAM  HEATINQ. 

Steam  after  Ix^iuLT  used  in  an  entwine  eont^iins  the  greater  part 
of  its  heat,  and  if  iu)t  eomiensed  or  nsc^d  for  other  purposes  it  can 
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usually  be  employed  for  heating  without  affecting  to  any  great 
extent  the  power  of  the  engine. 

The  syetems  of  steam  heating  which  have  been  deacribed  are 
those  in  which  the  water  of  condensation  flows  back  into  tlie 
boiler  by  gravity ;  where  exhaust  steam  is  used  the  pressure  ii 
much  below  that  of  the  boiler  and 
it  must  be  returned  either  by  a 
pump  or  return  trap.  The  exhaust 
steam  is  often  insufficient  to  sui>- 
ply  the  entire  heating  system  and 
must  be  supplemented  by  hve 
steam  taken  directly  from  the 
boiler.  This  must  iirst  pass 
through  a  reducing  valve  in  order 
to  reduce  tlie  pressure  to  corres- 
pond with  that  cjirried  in  the  heat- 
ing system. 

The  exhaust  steam  discharged 
from  non-condensing  engines  con- 
tains from  20  to  SO  per  cent  of 
water,  and  considerable  oil  or 
greasy  matter  which  liiis  been  em- 
ployed for  lubrication.  When  the 
engine  is  exhausting  into  the  air, 
the  pressure  in  the  exhaust  pipe 
is  but  slightly  alwve  that  due  to 
the  atmosphere.  The  effect  of 
passing  exhaust  steam  ihrougli 
the  pipes  and  radiators  of  a  heat- 
ing system  is  likely  to  increasi 
engine  and  reduce  its  effective  work;  this  must  I»e  offset  by  rais- 
ing the  boiler  pressure  or  increasing  the  cut-off  of  the  engine. 

An  en^ne  does  not  deliver  steam  continuously  but  at  regular 
intervals  at  the  end  of  each  stroke  and  tlic  amount  is  likely  to 
vary  with  the  work  done  since  tlie  governor  is  adjusted  to  admit 
steam  in  such  a  quantity  as  is  required  to  maintain  a  uniform 
speed.  If  the  work  is  light,  very  little  steam  will  l»e  admitted  to 
tlio  engine  and  for  this  reason  the  supply  available  for  heating  may 
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vary  soiuewliat  depending  upon  the  use  made  of  the  power  de- 
livered by  the  engine.  In  mills  the  amount  of  exiiaust  steam 
is  pnictieiiUy  constant ;  in  office  buildings  where  power  is  used  for 
lighting,  the  variation  is  greater,  especially  if  power  is  also 
recjuired  for  tlie  running  of  elevators. 

The  general  requii'ements  for  a  successful  system  of  exhaust 
steam  heating  include  a  system  of  piping  of  such  proportions 
that  only  a  slight  increase  in  back  pressure  will  be  thrown  upon 
the  engine ;  a  connection  which  shall  automaticall}''  supply  live 
steam  at  a  reduced  pressui*e  as  needed;  provision  for  removing  the 
oil   fnmi    the   exiiaust   steam;  a   lelief  or  back   pressure   valve 


ariange<l  to  prevont  any  sudden  increase  in  back  pressure  on  the 
iMi^ine,  and  a  return  system  of  some  kind  for  returning  the  watei 
of  (•oiideiisatioii  hack  to  the  lK)iler  against  a  higher  pi-essui-e. 
Tht'se  UMjuircincnls  may  Ik)  met  in  various  \vays  dei)ending  u[K>n 
actual  comlilioiis  fomul  in  different  cases. 

To  ])rovont  sudden  elianges  in  the  baclc  pressure  due  to 
irregular  supply  of  steam,  the  exhaust  pipe  from  the  engine  is 
often  carried  to  a  closed  tank  having  a  capacity  from  30  to  40 
times  that  of  the  engine  cylinder.  This  tank  may  be  provided 
with  hallle  plates  or  other  arnmgements  and  serve  as  a  sei)ai'at4ir 
for  reniovini^  tln^  oil  from  the  steam  lus  it  passes  through. 

Any  system  of  i)iping  may  l)e  used  hut  great  care  should  be 
taken  that  as  little  n»sistanee  as  possible  is  introduced  at  l)end3 
and  iittings  ;  and  the  mains  and  branches  should  be  of  ample  size. 
Usually  the  best  results  are  obtained  from  the  system  in  which 
the  main  st<Mm  pipe  is  carried  directly  to  the  top  of  the  building, 
the  distrihutini;  [)ij)es  run  from  that  point,  an<l  the  radiating  sur- 
faces 8up[>li(Ml  by  a  do\vn-flo\vin<if  current  of  steam. 
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Beforu  tiiking  up  tJie  iuiit;t«i'  of  piping  in  detail  a  few  of  tlie 
lore  important  pieces  of  apfianitUH  will  he  descpilwd  hi  n  brief 
ray. 

ReduclriE  Valves.     The  nction  of  pressure  reducing  viilves 


I  Itei-ii  taken  up  quite  fully  in 
nt  Im?  repeated  here.  When 
reduction  in  pressure  in 
^,  as  in  the  case  nt  a  coin- 
binrd  power  and  lieating 
jilunt,  the  valve  may  he  xtie 
or  two  sizes  smaller  tlian  the 
low  pressure  main  intowhieli 
it  dtschargeK.     Ftir  example 

P  5-inch  valve  will  8up|il> 
S-inch  main,  a  -Jr-imii  < 
ch  main,a  3-uich  a  o-im  ' 
ri,a  2J-in(!ha4-iinli  mnin. 


'  Boiler  Accessories,"  and  need 


For  the  smalk'i 


^>al 

1^ 


„  fSCDVfR 


difference  shiuild  nut  lie  more 

an  one  size.     All  i-educiiig 

,valve8    should    lie    provided 

Itii    n   valved   by-pass    for 

Ittiilg  out  the  valve  in  case 

'tif  repaira.      The  cormection 

is  nsualiy  made  as  shown  in 

plan  by  Fig.  58. 

Urease  Extractor.  As 
,dy  stated,  when  exbanst 
im  18  nwd  for  heating  pnr- 
I,  it  mnst  first  lie  passed 
irough  some  fnrm  of  separator  for  removing  the  oil.  Thb  w 
.lly  I'ffecled  by  inti-odnring  a  series  of  baffling  plates  in  the 
ttli  of  the  steam  ;  the  piirlicles  of  oil  striking  these  are  stopped 
id  tlius  separated  from  the  steam.  The  oil  drops  into  a  receiver 
ided  for  tluji  purpose  and  iu  dbcharged  through  a  trap  to  the 
■er. 
lu  Uu)  Mparatop,  or  exlnittor,  shown  in  Fig.  54,  the  separa- 
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tion  is  accomplished  bj  a  series  of  plates  placed  in  a  vertical  posi- 
tion in  the  I)ody  of  the  separator  through  which  the  steam  must 
piiss.  Tliese  plates  consist  of  upright  hollow  columns,  with 
openings  ut  regular  intervals  for  the  admission  of  water  and  oil, 
which  di-ains  downward  to  the  i-eceiver  below.  The  steam  takes 
a  zig-7.ag  c()urs<>  and  all  of  it  comes  in  contact  with  the  intercept- 
ing pliitt\s,  which  insures  a  thorough  separation  of  the  oil  and 
otIuT  solid  niattor  from  the  steam.  Another  form,  shown  in  Fig. 
55,  gives  excellent  results  and  has  the  advantage  of  providing 
an  ocjualizing  chamber  for  overcoming,  to  some  extent,  the  unequal 
pi-essui-e  due  to  the  vai*ying  load  on  the  engine.     It  consists  of  a 
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tank  or  nMoivir  about  4  feet  in  diameter,  with  he«avy  Ixiiler  iron 
heads  slij^ditly  crowned  to  give  stiffness.  Through  the  center  is  a 
layer  of  exrdsior  (wooden  shavings  of  long  fibre)  about  12  inches 
in  thickness,  supported  on  an  iron  grating,  with  a  similar  gnitinj» 
laid  over  \\w  top  to  hold  it  in  place.  The  steam  enters  the  space 
Indow  the  exeelsior  and  passes  upward,  as  shown  by  the  arrows. 
The  oil  is  eauglit  by  the  exeelsior  which  can  be  renewed  from 
time  to  time  as  it  In^eoines  saturated.  The  oil  and  water  which 
fall  to  the  bottom  of  the  receiver  are  carried  off  through  a  trap. 
I^ivt*  steam  niay  1h»  admitted  through  a  reducing  valve  for  supple- 
menting the  exhaust  when  neeessaiy. 

Back  Pressure  Valve.  This  is  a  form  of  relief  valve  which 
ip  placed  in  tin;  outboard  exhaust  pipe  to  prevent  the  pressure  in 
the  heating  system  from  rising  al)ove  a  given  point.  Its  office  is 
the  reverse  of  the  reducing  valve  which  supplies  more  steam  when 
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the  pressure  becomes  too  low.     The  form  shown  in  Fig.  56  is 

designed  for  a  vertical  pipe.     The  valve  proper  consists  of  two 

discs  of  unequal  area,  the  combined  area  of  which  equals  that  of 

the  pipe.     The  force  tending  to  open 

the  valve  is  that  due  to  the  steam 

pressure  acting  on  an  area  equal  to 

the  difference  in   area  between    the 

two   discs ;  it  is  clear  from  the  cut 

that  the  pressure  acting  on  the  larger 

disc  tends   to  open  the  valve  while 

the   pressure  on  the  smaller  acts  in 

the  opposite   direction.      The  valve 

stem  is  connected 'by  a  link  and  crank 

arm  with  a  spindle  upon  which  is  a  ^^^*  ^^* 

lever   and    weight    outside.       As    the    valve  opens    the    weight 

is  raised  so  that  by  placing  it  in  different  positions  on  the  lever 

ann   the   valve  will  open   at  any 
desired  pressure. 

Fig.  57  shows  a  different  type 
in  which  a  spring  is  used  instead 
of  a  weight.  This  valve  has  a 
single  disc  moving  in  a  vertical 
direction.  The  valve  stem  is  in 
tlie  form  of  a  piston  or  dasli-pot 
which  prevents  a  too  sudden  move- 
ment and  makes  it  more  quiet  in 
its  action.  The  disc  is  held  on  its 
seat  against  the  steam  pressure  by 
a  lever  attached  to  the  spring  as 
shown.  When  the  pressure  of  the 
steam  on    the  underside    becomes 

greater  than  the  tension  of  the  spring,  the  valve  lifts  and  allows 

the  steam  to  escape.     The  tension  of  the  spring  can  be  varied  by 

means  of  the  adjusting  screw  at  its  upper  end. 

A  back  pressure  valve  is  simply  a  low  pressure  safety  valve 

designed  with  a  specially  large  opening  for  the  passage  of  steam 

through  it.     They  are  also  made  for  horizontal  pipes  as  well  as 

vertical. 


Fig.  67. 
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Exhaust  Head.  This  is  a  form  of  separator  placed  at  the 
top  of  iiii  outboard  exliaiist  pipe  to  prevent  the  water  carried  up 
iti  thu  ste<im  fi-orn  fallii^  upon  the  roofis  of  buildings  or  in  the 
street  below.  Fig.  58  is  known  a»  a  centrifugal  exhaust  head. 
I'he  Hteam  on  entering  at  the  bottom  is  given  a  whirling  or  rotary 
niotioii  by  the  spiral  deflectoi-s  and  the  water  is  thro\vn  outward 
by  centrifugal  foi-ce  against  the  sides  of  the  chamber  from  which 
it  Hows  into  the  shallow  trougli  at  the  base  and  is  carried  away 
tlin)u<rh  the  drip  pipe  wJiich  is  brought  down  and  connected  with 
a  drain  pij)e  inside  the  building.  Tlie 
^Hissage  of  the  steam  outboard  is  shown 
by  the  arroivs.  Other  forms  are  used 
in  which  tlie  water  is  seitarated  from 
the  steam  hy  deflectora  which  change 
t)ie  direction  of  the  currents. 

Automatic  Return  Pumps.  In 
exiiauxt  heating  plants  tlie  condensation 
in  i-etui-ned  to  the  iMiilers  by  means  of 
sniiie  form  of  return  pump.  Acombined 
pump  and  rci^eiverof  the  form  illustrated 
in  Fig.  59  is  generally  used.  This  oon- 
HiHls  of  n  east  or  wrought  iron  tank 
inoinited  on  a  liase  in  connection  with 
it  lioiler  feed  pump.  Inside  of  the 
tank  is  a  UiU  lloal  (roritiecled  by  means  of  levers  with  a  valve 
in  tlie  sle;iiii  pipe  whii-li  is  eoiineeted  with  the  pump.  When 
llu!  w.tti-r  lini'  in  thi-  (mik  rises  alMive  a  cerbvin  level,  the  float 
is  Tiiisei!  iiix)  opens  tlie  ste;ini  valve  which  st^irts  the  pump. 
Whi'Ti  the  water  is  loweivd  to  its  norniiil  level  the  valve  eloses 
iinil  tin:  pump  stops.  Hy  tlii.s  iirrangeniunt  a  constant  wat*'r  line 
is  niiiiiitiiinetl  in  tlie  reeeivei-  and  the  pump  runs  only  as  needed 
to  e;ire  for  tlie  eniirlensatinu  as  it  letunis  from  the  heatiiig  system. 
If  dry  returns  are  used  tliey  maybe  hi-ought  together  and  enn- 
iieeted  with  ilie  top  of  the  reeeivcr.  If  it  is  desired  to  seal  the 
hori/oiilal  runs,  us  is  usually  the  case,  the  receiver  may  be  mlsed 
to  a  height  siiflicient  to  fflve  the  required  elevation  ami  the 
returns  connected  near  the  luttom  Ijelow  the  water  line. 

A  *'l)alance  pipe,"  so  called  should  connect  the  heating  maia 
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nth  the  top  of  the  tank  for  equalizing  the  pressure,  otherwiit- 
'he  Bteam  above  the  water  would  condense  and  the  vacuum  thus 
Efonned  would  draw  all  thb  svater  into  the  tank  leaving  tlie  returns 
Bpw;t'"ally  empty  and  tluia  destroying  the  condition  sought. 
ESometimes  an  independent  regulator  or  pump  governor  ia  used  in 
I  place  of  a  receiver.     One  type  ia  shown  in  Fig.  60.     The  return 


11  Fig.  M. 

^^■Dain  ia  connected  at  the  upper  opening  and  the  pump  suction 
^Hbrith  the  lower.  A  float  inside  the  chamber  operates  the  steam 
^Vvftlve  shown  at  tlie  top  and  the  pump  works  automatically  as  id 
^^Btiie  cane  jnst  described. 

^B  If  it  is  desired  to  raise  the  water  line  the  regulator  may  be 
^■elevated  to  the  desired  height  and  connections  made  as  shown  in 
^Hg.  61. 

Return  Traps.  The  principle  o£  the  return  trap  has  been 
deecribed  in  "  Boiler  Accessories"  but  its  practical  form  and  appli- 
ostaon  will  be  taken  up  here.     The  type  shown  in  Fig.  62  has  all 
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of  its  working  piirts  outsi(]e  of  the  trap.     It  consists  of  a  cast  iron 

Imwl  pivotvd  at  G  and  H.  There  is  an  opening  through  G  con- 
necting with  tlie  iDside  of  tlie  bowl. 
The  pipe  K  connects  through  C 
with  an  interior  pipe  opening  near 
the  top  (see  Fig.  63.)  The  pipe 
D  connects  with  a  receiver  into 
which  all  of  the  retoms  are 
hrought.  A  is  a  check  valve 
allowing  water  to  pass  through  in 
the  direction  shown  by  the  arrow. 
E  is  a  pipe  connecting  with  the 
boiler  below  the  water  line.  B 
18  a    check   opening    toward  the 

lHiilr>r  anil  K  n  pipe  connected  with  the  steam  main  or  drum. 
'Vhv.  artion  of  tlic  trap  in  as  follows     As  the  liowl  fills  with 

wiitcT'  fifim  tin;  ri'<'oiver  it  oveihalances  tlie  weighted    lever  and 
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dmiM  1"  :l]i;  hritdim  of  tlii>,  ruig.  This  opens  the  valve  C  and 
lulniits  sU'Jiiii  iit  iMiilf  r  prusaure  to  tlic  top  of  the  trap.  Being  at 
:i  liiglier  level  the  Wiiti.'v  Hows  hy  gravity  into  the  boiler,  through 
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I   tlie  pipe  E.     Wat«r  and  steam  are  kept  from  passing  out  tbrough 
D  liy  tlie  fheck  A. 

When  the  trap  haa  emptied  itself  the  weight  of  the  Ittll  raises 
it  to  the  original  position,  which  movement  closes  the  \iilvc  t)  and 
opens  the  small  vent  F.  The  pressure 
in  the  bowl  being  relieved,  water  flows 
in  from  the  receiver  through  D  tmtil 
the  trap  is  tilled,  when  the  process  is 
I'epeated.  In  order  U>  work  satisfite- 
torily  the  tnip  should  be  placed  at  least 
3  feet  aliove  the  water  level  in  the 
boiler  and  the  pressure  in  the  retains 
must  always  be  sufficient  to  raise  the 
water  from  the  receiver  to  the  trap  ' 
against  atmospheric  pressure  which  is 
tlieoretically  about  1  pound  for  every  2 
feet  in  Iieight.  In  practice  there  will  be  more  or  less  fiictiuii  to 
overcome,  and  suitable  adjustments  must  lie  made  for  each  particu- 
lar case.       Fig.  64   bhows  another  form  acting  upon   the   same 


Fig.  62. 


principle  except  in  this  case  the  steam  valve  is  operat^-d  hy  a 
bucket  or  float  inside  of  the  trap.  The  pipe  connections  are  prac- 
Ucally  the  same  as  with  tlie  trap  just  described. 
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Return  traps  are  more  commonly  used  ia  smaller  plant« 
wht-re  it  is  <1e.sire<l  to  avoid  tbe  expense  and  care  of  a  pump. 

Damper  Regulators.  Every  heating  and  every  jiower  plant 
Nlionld  Iw  pniviilDd  witli  iiutomatic  meHUs  for  closing  the  ditini>cn; 
whi'ii  the  Rtciini  presBurc  reaches  a  certain  point,  and  for  <»[>(;niiig 
thtrni  agiiin  w)ioii  the  pressura  drops.     There  are  various  regulatuni 
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I.'  is   iidniittfd  Iwneiith  »  diiiphr.igin 
L-  ;i  wi'iphti'il  Ifvei'.      Wlit'ii  the  preiwnro  i  isf s 
1    liii.-ifs  tin;  h'vor  sliglitly  mid  open.s  .a  vulvi- 
■  nuiliT    1  iicssiins  jdmvft  a  diaphmgiu  lociite<I 
'i'liis  ix'iioii   fori't's  down  a  Xuvi-r  funnecteil 
chains  with  thu  damper  mid  cIi)m'.s  it.     Whun  ihu  steam  pressure 
drops,  tbe  water  valve  is  closed,  and  tbe  different  parts  of  tbe 
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apparatus  take  their  original  positions.  Another  form  similar  in 
principle  is  shown  in  Fig.  66.  In  this  case  a  piston  is  operated 
by  the  water  pressure  instead  of  a  diaphragm.  In  both  types  the 
pressures  at  which  the  damper  shall  open  and  close  are  regulated 
by  suitable  adjustments  of  the  weights  upon  the  levers. 

Pipe  Connections.     The  method  of  making  the  pipe  connec- 
tions in  any  particular  case  will  depend  upon  the  general  arrange- 
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Fig.  66. 

roent  of  the  appaititus  and  the  various  conditions.  Fig.  67  illus- 
trates the  general  principles  to  be  followed,  and  by  suitable 
changes  may  be  used  as  a  guide  in  the  design  of  new  systems. 

Steam  first  passes  from  the  boilers  into  a  large  drum  or 
header ;  from  this  a  main,  provided  with  a  shut-off  valve,  is  taken 
as  shown ;  one  branch  is  carried  to  the  engines  while  another  is 
connected  with  the  heating  system  through  a  reducing  valve  hav- 
ing a  by-pass  and  cut-out  valves.  The  exhaust  from  the  engines 
oonnects  with  the  large  main  over  the  boilers  at  a  point  just  above 
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the  steam  drum.  Tlie  branch  at  tlie  right  is  carried  outboard 
through  a  back  pressure  valve  which  may  h&  set  to  caiTy  any 
desired  pressure  on  the  system.  The  otlier  branch  at  the  left 
passes  through  an  oil  separator  into  the  heating  system.  The 
connections  between  the  mains  and  radiators  are  made  in  the 
usual  way  and  tlie  main  return  is  carried  back  to  the  return  pump 
near  the  floor.     A  false  \vat«r  line  or  seal  is  obtained  by  elevating 


Fig.  66. 

the  pump  regulator  as  already  described.  An  equalizing  in 
balance  pipe  connects  the  top  of  the  regulator  with  the  low  pres- 
sure heating  main  and  high  pressure  is  supplied  to  the  pump  as 
Bhown. 

A  sight  feed  lubricator  should  be  placed  in  this  pipe  atove 
the  automatic  valve,  and  a  valved  by-pass  should  be  placed  around 
the  regulator  for  running  tlie  pump  in  case  of  accident  or  repairs. 
The  oil  separator  should  be  drained  through  a  special  oil  trap  to  a 


58  HEATING  AND  VENTILATION. 


catch  basin  or  to  the  sewer,  and  the  steam  dmm  or  any  other  low 
points  or  pockets  in  the  high  pressure  piping  dripped  to  the  main 
return  through  suitable  traps. 

Means  should  be  provided  for  draining  all  parts  of  the  system 
to  the  sewer  and  all  traps  and  special  apparatus  should  be  by- 
passed. The  return  pump  should  always  be  duplicated  in  a  plant 
of  any  size  as  a  safeguard  against  accident  and  the  two  pumps  run 
alternately  to  make  sure  that  one  is  always  in  working  order. 
One  piece  of  apparatus  not  shown  in  Fig.  67  Is  the  feed  water 
heater.  If  all  of  the  exhaust  steam  can  be  utilized  for  heating 
purposes,  this  is  not  necessary  as  the  cold  water  for  feeding  the 
boilers  may  be  discharged  into  the  return  pipe  and  be  pumpe<l  in 
with  the  condensation.  In  summer  time,  however,  when  the 
heating  plant  is  not  in  use,  a  feedwater  heater  is  necessary,  as  a 
large  amount  of  heat  which  would  otherwise  be  wasted  may  be 
saved  in  this  way.  The  connections  will  depend  somewhat  upon 
the  form  of  heater  used,  but  in  general  a  single  connection  with 
the  heating  main  inside  the  back  pressure  valve  is  all  that  is  nec- 
essary. The  condensiition  from  the  heater  should  l>e  trap|>ed  to 
the  sewer. 
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PART    III. 


VACUUM  SYSTEMS. 

Low  Pressure  or  Vacuum  Systems.  In  the  systems  of  steam 
heating  which  have  been  described  up  to  thin  point  the  pressure 
carried  has  always  been  above  that  of  the  atmosphere,  and  the 
action  of  gravity  has  been  depended  upon  to  carry  the  water  of 
condensation  oack  to  the  boiler  or  receiver ;  the  air  in  the  radiators 
has  been  foreed  out  through  air  valves  by  the  pressure  of  steam 
back  of  it.  Methods  will  now  be  taken  up  in  wliich  the  pressure 
in  Uie  heating  system  is  less  than  the 
atmosphere  and  where  the  cii-culatlon 
through  the  radiatoi-a  is  produced  by 
suction  rather  than  by  pressure. 
Systems  of  this  kind  liave  severjil 
advantages  over  tlie  ordinary  methods 
of  oircuhition  under  pressure.  Fir.it 
— no  back  pressure  w  produce*!  at 
the  engines  when  used  in  connection 
with  exlmost  steam,  but  rather  there 
will  be  a  reduction  of  jtressure  due  to 
the  partial  vacuum  existing  in  the 
radiators;  second  —  a  complete  re- 
moval of  air  from  the  coils  and  radiators  so  that  all  portions  are 
steam  filled  and  available  for  heating  purposes ;  third  —  complete 
drainage  through  the  returns,  especially  those  having  long  linri- 
Eontal  runs,  and  the  absence  of  water  hammer ;  and  fourth  the 
smaller  size  ot  return  pipes  necessary.  The  two  systems  of  this 
kind  in  most  common  uso  are  known  as  the  Webster  and  Paul 
systems. 

Webster  SysUm.  This  consists  primarily  of  an  antomatio 
outlet  valve  on  each  coil  and  nuliator  connected  with  some  fonn  of 
suction  apparatus  such  as  a  pump  or  ejector.  The  valve  used  ia 
■howa  in  section  in  Fig.  1  and  replaces  the  usual  hand  valve  at 
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the  return  end  of  the  radiator.  It  is  similar  in  construction  to 
some  o£  the  air  valves  already  described,  consisting  of  a  rubber  or 
vulcanite  stem  closing  against  n  valve  opening  when  made  to  ex- 
pand by  the  presence  of  steam.  When  water  or  air  fills  the  valve 
the  stem  contracts  and  allows  them  to  be  sucked  out  as  shown  l^ 
the  arrows.  A  perforated  metal  strainer  surrounds  the  stem  or 
expansion  piece  to  prevent  dirt  and  sediment  from  clogging  the 
valve. 


¥\g.  2. 


Wg.  8. 


Fig.  2  shows  the  valve,  or  thermostat  as  it  is  called,  attached 
to  an  ordinaiy  angle  valve  with  the  top  removed,  and  Fig.  3  in- 
dicates the  method  of  draining  the  bottoms  of  risers  or  the  ends  of 
mains. 

One  ipecial  advantage  claimed  for  this  system  is  that  the 
amount  of  steam  admitted  to  the  radiators  may  be  regulated  to 
suit  the  requirements  of  outside  temperature,  and  this  may  be  done 
without  water  losing  or  hammering,  a  result  impossible  to  obtain 
with  any  other  combination  of  steam  heating  apparatus.  This 
may  be  done  at  will  by  closing  down  on  the  inlet  supply  to  the 
desired  degree.  The  result  is  the  admission  of  a  smaller  amount 
of  steam  to  the  radiator  than  it  is  calculated  to  condense  normally. 
The  condensation  is  removed  as  fast  as  formed  by  tiie  opening  of 
the  tbennoBtatio  valve. 
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The  general  application  of  this  system  to  exhaust  heating  is 
shown  in  Fig.  4.  Exhaust  steam  is  brought  from  the  engine  as 
shown ;  one  branch  is  connected  with  a  feed  water  heater  while 
the  other  is  carried  upward  and  through  a  grease  extractor  where 
it  branches  again,  one  line  leading  outbound  through  a  back- 
pressure valve  and  tlie  other  connecting  with  the  heating  main. 
A  live  steam  connection  is  made  through  a  reducing  valve  as  in 
the  oi-dinary  system.  Valved  connections  are  made  with  the 
coils  and  nuliatois  in  the  usual  manner  but  the  return  valves  are 
rephvccd  by  the  special  thermostatic  valves  described  above. 

The  main  return  is  brought  down  to  a  vacuum  pump  which 
discharges  into  a  "  returns  tank  "  where  the  air  is  separated  from 
the  water  and  passes  off  through  the  vapor  pipe  at  the  top.  The 
condensation  then  flows  into  the  feed  water  heater  from  Avhich  it 
is  automatically  pumped  back  into  the  boilers.  The  cold-water 
feed  supply  is  connected  with  the  returns  tank  and  a  small  cold- 
watt*r  jet  is  connected  into  the  suction  at  the  vacuum  pump  for 
increasing  the  vacuum  in  the  heating  system  by  the  condensation 
of  steam  at  this  point. 

Paul  System,  In  this  system  the  suction  is  connected  with 
the  air  valves  instead  of  the  returrs  and  the  vacuum  is  produced 
by  means  of  a  steam  ejector  inste.ad  of  a  pump.  The  returns  are 
(.'jirrird  back  to  a  reeeivinc^  tank  and  pumped  Imck  to  the  boiler  in 
thr  usual  manner.    The  (ejector  in  this  case  is  called  the  "exhauster." 

Fi<jf.  5  sliows  tlie  ^^enerul  method  of  making  the  pipe  eon- 
neetions  with  iJidiatoi*s  in  this  svstem  and  Fiff.  6  tlie  details  of 
connection  at  tlie  exhauster. 

A  A  an*  the  returns  from  the  air  valves  and  connect  with 
the  exliaustrrs  ns  shown.  Live  steam  is  admitted  in  small  quan- 
tities throuL^h  tJH'  valves  B  P>  and  the  mixture  of  air  and  steam  is 
(listtharG^cd  outhoai'd  throii<^h  the  ])ipe  (\  I)  I)  are  gages  showing 
the  pressure  in  the  system  and  K  10  are  check  valves.  The  advan- 
ta[^(^  of  this  sy^tiMu  d(»pends  principally  upon  the  quick  removal  of 
jiir  from  tin?  various  radiators  and  pipes  which  constitutes  the 
principal  ohstruclion  to  circulation  ;  the  inductive  action  in  mjiny 
cases  is  suiVici^Mit  to  cause  the  system  to  operate  somewhat  below 
atmosph(^ric  pressure. 
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Where  ezliaiut  steam  is  used  for  heatiDg,  the  radiators  bIiouM 
be  aomewbat  increased  in  size  owing  to  the  lower  temperature  of 


the  steam.     It  is  common  practice  to  add  from  20  to  S 
to  the  sized  required  for  low  pressure  live  steam. 
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FORCED  BLA5T. 

In  a  system  of  forced  circulation  by  means  of  a  fan  or  blower 
the  action  is  positive  and  practically  constant  under  all  usual  con- 
ditions of  outside  temperatura  and  wind  action.  Tlus  gives  it  a 
decided  advantage  over  natui-al  or  gnivity  methods  which  are 
affected  to  a  greater  or  less  degree  by  changes  in  wind  pressure, 


Fig.  6. 


and  makes  it  especially  adapted  to  tlie  ventilation  and  warming  of 
large  buildings  such  as  shops,  factories,  schools,  churches,  halls, 
theatres,  etc.,  where  large  and  definite  air  quantities  are  required. 
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Exhaust  Method.     This  consists  in  drawing  the  air  out  of  a 

building  and  pmviding  for  the  heat  thua  carried  away  by  placing 

(Bteam  cuik  iimter  ^vindo^Ts  or  in  other  positions  where  the  inward 

»kage  is  supposed  to  \t&  the   gi-eatest.     When  this   method  Ja 

jed  a  partial  vacuum  U  created  within  the  building  or  room  and 


Fig.    T. 

I  currents  and  leaks  are  inward ;  there  is  nothing  to  govern 
|efinit«ly  thi^t  quality  and  place  of  introduction  of  the  air,  and  it 
B  difficult  to  provide  suitable  means  for  warming  it. 

Plenum  Method.  lu  this  case  the  air  U  forced  into  the 
nilding,  and  its  quality,  temperature  and  point  of  admission  are 
pmpletely  under  control.  All  spa^:es  are  tilied  with  air  under  a 
'ht  pressure  and  the  leakage  is  outward,  thus  preventing  the 
.Irawing  of  foul  air  into  the  room  from  any  outside  source.  But 
above  all,  ample  opportunity  is  given  for  properly  warming  the 
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air  bv  means  of  hesters.  either  in  direct  vonriection  witli  th*-  fan 
or  in  aepir-ite  jiatsa^i's  l<\nliTig  to  tlie  various  rooms, 

Porni  of  Heatlns  Surface.      A  oommon  fcmii  of  heater  for 
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headers  and  passes  up  one  side  of  the  loops,  then  across  tlie  top 
and  down  on  the  other  side  where  the  condensation  is  taken  off 
through  the  return  drip,  which  is  separated  fmin  the  inlet  by  a 
partition.  These  heaters  ate  mode  up  in  secuoiis  of  2  iind  4  rows 
of  pipes  each.  The  height  varies  from  3^  to  9  feet  and  the  width 
from  3  feet  to  7  feet  in  the  standard  sizes.  Tiiuy  ai-e  usually 
made  up  of  1-inch  pipe  although  1^  inch  is  commonly  used  in  the 
larger  sizes.  In  Fig.  7  is  shown  a  similar  heater.  This  is  ar- 
ranged for  supplying  exhaust  to  a  portion  of  the  sections  and  live 
steam  to  the  remainder.  The  division  1>etweeii  the  two  sections 
is  shown  where  the  metal  is  broken  away.     Fig.   8  shows  still 
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Fig.  9. 


another  form;  in  tliis  case  all  of  the  loops  are  nm<Ie  of  practically 
the  same  length  by  the  special  form  of  construction  shown,  Tliis 
is  claimed  to  prevent  the  short  circuiting  of  steam  through  the 
shorter  loops  which  causes  the  outer  pipes  to  remain  cold. 

This  form  of  heater  is  usually  encased  in  a  sheet  steel  hous- 
ing as  shown,  but  may  be  supported  on  a  foundation  between 
brick  walls  if  desired. 

Fig,  9  .shows  a  special  form  of  heater  particuliirly  adapted  to 
ventilating  work  where  the  air  does  not  have  to  be  raised  above 
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70  or  80  degrees.  It  is  made  up  of  1-inch  wroughfc-iron  pipe 
connected  with  supply  and  return  headers:  each  section  contains 
14  pii)es  and  they  ai"e  usually  made  up  in  groups  of  5  sections 
each.  These  coils  are  supported  ujyon  tee  irons  resting  upon  a 
brick  foundation.  Heaters  of  tlm  form  are  usually  made  to 
extend  across  the  side  of  a  room  wth  brick  walls  at  the  sides 
instead  of  being  encivsed  in  steel  housin^i^.  Heaters  made  up  of 
banks  of  the  school-pin  cast-inm  radiators-  give  excellent  resulU 
for  schoolhouse  work.  The  sections  should  be  so  sirninged  that 
the  free  an*a  for  air  flow  shall  not  l)e  t<io  much  restricted. 

Efficiency  of  Heaters.  The  efficiency  of  the  heatens  used  in 
connection  with  forced  blast  varies  greatly,  depending  upon  the 
tempeniture  of  the  entering  air,  its  velocity  between  the  pipes, 
the  temperature  to  which  it  is  raised  and  the  steam  pressure  car- 
ried in  the  heater.  The  general  method  in  which  the  heater  is 
made  up  is  also  an  im[X)rtant  factor. 

In  designing  a  heater  of  this  kind,  care  must  l)e  taken  that 
the  free  area  ])etweeii  the  pipes  is  not  contracted  to  such  an 
extent  that  an  excessive  velocity  will  Ix?  required  to  pass  the  given 
quantity  of  iiir  througli  it.  In  ordinary  work  it  is  customary  to 
jissunie  a  velocity  of  800  to  1000  feet  per  minute ;  higher  velocities 
call  for  a  greater  pre^ssure  on  the  fan  which  is  not  desirable  in 
ventilating  work. 

In  the  hejit<»rs  shown,  alK)ut  A  of  the  total  area  is  free  for  the 
passage  of  air  ;  that  is,  a  heater  T)  feet  wide  and  6  feet  high  would 
have  a  total  area  of  T)  X  ^'>  ^=  oO  square  feet,  and  a  free  area 
between  the  pipes  of  30  X  A  :i=:  12  square  feet.  The  dej)th  or 
iiunil>er  of  lows  of  pipe  does  not  effect  th(»  free  area  although  the 
friction  is  increased  and  additional  work  is  tlirown  upon  the  fan. 
The  eflicieiu'V  in  any  driven  heater  will  be  increased  by  increasinjx 
the  velocity  of  the  air  through  it,  but  the  linal  temperature  will 
bo  (liniinish(Ml,  that  is,  a  larger  (quantity  of  air  will  be  heated  to  a 
lower  tcni[)erature  in  the  second  case  and  while  the  total  heat 
given  off  is  grcatiU",  tlie  air  (juantity  increiuses  more  rapidly  than 
the  heat  quantity  which  causes  a  drop  in  temperature. 

Increasing  the  number  of  rows  of  pipe  in  a  hwitrr  with  a 
(H)nstanl  air  (]uantity  increases  the  final  tem[)erature  of  the  air  but 
diminishes  the  ellicienciy  of  the  heater,  because  the  average  differ 
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ence  in  temperature  between  the  air  and  steam  is  less.  Increas- 
ing the  steam  pressure  in  the  heater  (and  consequently  its  temper- 
ature) increases  both  the  final  temperature  of  the  air  and  tlie  effi- 
ciency of  the  heater.  Table  I  has  been  prepared  from  diflferent 
tests  and  may  be  used  as  a  guide  in  computing  probable  results 
under  ordinary  working  conditions.  In  this  table  it  is  assumed 
that  the  air  enters  the  heater  at  a  temperature  of  10  degrees 
below  zero  and  passes  between  the  pipes  with  a  velocity  of  800 
feet  per  minute.  Column  1  gives  the  number  of  rows  of  pipe  in 
the  heater  and  columns  2,  3  and  4  the  final  temperature  of  the  air 
for  different  steam  pressures.  Columns  5,  6  and  7  give  the 
corresponding  efficiency  of  the  heater. 

For  example.  Air  passing  through  a  heater  10  pipes  deep 
and  carrying  20  pounds  pressure  will  be  raised  to  a  temperature 
of  90  degrees  and  the  heater  will  have  an  efficiency  of  1650  B.T.U. 
per  square  foot  of  surface  per  hour.  When  the  air  is  taken  in  at 
zero  we  may  add  10  to  the  tinal  temperatures  given  in  the  table, 
although  theoretically  it  would  be  slightly  less ;  in  this  case  we 
must  take  the  efficiency  corresponding  to  the  final  temperature 
after  the  10  degress  have  been  added. 

TABLE  I. 

Temp,  of  entering  air  10°  below  zero. 

Velocity  of  air  between  the  pipes  800  feet  per  minute. 


Rows  of 
pipe  de«p. 


4 
6 
8 
10 
12 
14 
16 
18 
20 


Temp,  to  which  the  air  will  be 
raised  from  10*  below  0. 


Steam  Preuure  in  Heater. 


Efflciency  of  the  heating  surface  in  B.  T.  C, 
per  square  foot  per  hour. 


Steam  Pressure  in  Heater. 


S  lbs. 


30 
50 
65 

80 
95 
105 
120 
130 
140 


20  lbs. 

ao  lbs. 

35 

45 

55 

65 

70 

85 

90 

105 

105 

125 

120 

140 

130 

150 

140 

160 

150 

170 

6  lbs. 


1600 
1600 
1500 
1500 
1500 
1400 
1400 
1300 
1300 


20  lbs. 


60  lbs. 


1800 

2000 

1800 

2000 

1650 

1850 

1650 

1850 

1650 

1850 

1500 

1700 

1500 

1700 

1400 

1600 

1400 

1600 

891 
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For  a  velocity  of  1000  feet,  multiply  the  temperatures  given 
in  the  table  by  .95  and  the  efficiencies  by  1.18. 

Example.  How  maity  square  feet  of  radiation  will  be  re- 
quired to  i-jiise  600,000  cubic  feet  of  air  per  hour  froui  10  lielow 
zero  to  80  degre«»s,  with  a  velocity  thix>ugh  the  heater  of  800  feet 
{K.M*  niinuto  and  a  steam  pressure  of  5  pounds?  What  must  Ije 
the  total  area  of  the  heater  front  and  how  many  ro^vs  of  pipes 
must  it  have  ? 

Referring  back  to  our  formula  for  hccit  required  for  ventila- 
tion, we  have 

600,000  X  90       „Q.  Q1Q  11  T^   TT  •  ^ 
:-      — =  981,818  B.  T.  U.  required. 

65 

« 

Referring  to  table  I  we  find  that  for  the  al)ove  conditions  a 
heater  10  pipes  deep  is  required,  and  that  an  efficiency  of  lt500 

B.  T.  U.  will  be  obtained.      Then  ! — I =  654  square  feet  of 

1500  ^ 

surface  required,    .' — '. —  =  10,000  cubic  of  air  per  minute,  and 

^  '       -  =  12.5  s(^uare   feet  of   free   area  required  thi^ough   the 

heater.     If  we  assume  .4  of  the  total  heater  front  to  be  fi'ee  for 

12  5 
the  passage  of  air,  then  —L.  =  31  the  required  total  area. 

For  coiiviMiienee  in  estimating  the  approximate  dimensions 
of  a  heatri',  the  following  table  is  given.  The  stiindard  heaters 
niado  by  (lilTcrent  inanufaeturei's  vary  somewhat,  but  the  dimen- 
sions given  Ix'Iow  re[)resent  avenige  practice.  Column  3  gives 
th(?  sjjuaK'  fret  (»f  heating  surface  in  a  single  row  of  pipes  of  the 
dimensions  given  in  columns  1  and  2,  and  column  4  gives  the  free 
area  between  the  pipes. 
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TABLE  II. 


Width  of  Section. 

Height  of  Pipes. 

Square  Feet  of 
Surface. 

Free  Area  throogh 
Beater  in  Sq.  Ft. 

3  feet 
3  feet 
3  feet 
3  feet 

3  ft.  6  inches 

4  ft.  0  inches 

4  ft.  6  inches 

5  ft.  0  inclies 

20 
22 
25 
28 

4.2 
4.8 
5.4 
6.0 

4  feet 
4  feet 
4  feet 
4  feet 

4  ft.  6  inches 

5  ft.  0  inches 

5  ft.  G  inches 

6  ft.  0  inches 

34 
38 
42 
45 

7.2 
8.0 
8.8 
9.6 

5  feet 
5  feet 
5  feet 
5  feet 

5  ft.  6  inches 

6  ft.  0  inches 

6  ft.  i)  inches 

7  ft.  0  inches 

♦        52 
57 
62 
67 

11.0 
12.0 
13.0 
14.0 

6  feet 
6  feet 
6  feet 
6  feet 

0  ft.  6  inches 
7  ft.  0  inches 

7  ft.  6  inches 

8  ft.  0  inches 

75 
81 
87 
92 

1 

15.6 
16.8 
18.0 
19.2 

7  feet 
7  feet 
7  feet 
7  feet 

7  ft.  C  inclies 

8  ft.  0  inclies 

8  ft.  6  inches 

9  ft.  0  inches 

98 
108 
109 
116 

21.0 
22.4 
23.8 
25.2 

In  calculating  the  total  height  of  the  heater  add  1  foot  for 
the  base. 

These  sections  are  made  up  of  1-inch  pipe  except  the  last,  or 
7-foot  sections,  which  are  made  of  1  |-inch  pipe. 

Using  this  table  in  connection  with  the  example  just  given 
we  should  look  in  the  last  column  for  a  section  having  a  free  area 
of  12.5  square  feet ;  here  we  find  that  a  5  feet  X  6  feet  —  6  inches 
section  has  a  free  opening  of  13  square  feet  and  a  radiating  surface 
of  62  square  feet.  The  conditions  call  for  10  rows  of  pipes  and 
10  X  62  =  620  square  feet  of  radiating  surface  which  is  slightly 
less  than  called  for,  but  which  would  be  near  enough  for  all  prac- 
tical purposes. 
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As  a  further  example,  if  we  compute  the  dimensions  of  a 
heater  to  warm  20,000  cubic  feet  of  air  per  minute  from  10  degrees 
below  zero  to  70  degrees  above,  with  20  pounds  steam,  we  find 
that  1057  square  feet  of  surface  will  be  required.  The  heater 
must  be  8  pipes  deep  and  requires  25  square  feet  of  free  area. 
These  may  be  obtained  by  16  5'  X  7'  sections  side  by  side,  as  in 
the  sketch.  These  will  give  28  square  feet  of  free  area  and  1072 
square  feet  of  surface. 
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The  general  method  of  computing  the  size  of  heater  for  any 
given  building  is  the  same  as  in  the  case  of  indirect  heating: 
First  obtain  the  B.T.U.  required  for  ventilation  and  to  that  add 
the  heat  loss  through  walls,  etc.,  and  divide  the  result  by  the 
efficiency  of  the  heater  under  the  given  conditions. 

Example. —  An  audience  hall  is  to  be  provided  with  400,000 
cubic  feet  of  air  per  hour.  The  heat  loss  through  walls,  etc.,  is 
2r)0,000  B.T.U.  per  hour  in  zero  weather.  What  will  be  the  size 
ot  heater,  and  how  many  rows  of  pipe  deep  must  it  be,  with  20 
pounds  steam  pressure. 

400^000  x_TO_  ^  509^090  B.T.U.  for  ventilation. 


O.) 


Tlierefore  2o0,000  +  509,090  =  759,090  B.T.U.,  total  to  be 
supplied. 

We  must  next  find  to  what  temperature  the  entering  air 
must  be  raised  in  order  to  bring  in  the  required  amount  of  heat, 
60  that  the  numl^er  of  rows  of  pipe  in  tlic  heater  may  be  obtained 
and  its  corresponding  efficiency  determined.  We  have  entering 
the  room  for  purposes  of  ventilation,  400,000  cubic  feet  of  air 
every  hour  at  a  temperature  of  70  degrees,  and  the  problem  now 


HEATING  AND  VENTILATION,  17 

becomes,  to  what  temperature  must  this  air  be  raised  to  carry  in 
250,000  B.T.U.  additional  for  warming? 

We  have  learned  that  1  B.T.U.  will  raise  55  cubic  feet  of  air 
1  degree.  Then  250,000  B.T.U.  would  raise  250,000  X  55  cubic 
feet  of  air  1  degree. 

250,000  X  55  _  ^^  . 
400,000  "^ 

The  air  in  this  case  must  be  raised  to  70  +  34  =  104  degrees 
to  provide  for  both  ventilation  and  warming.  Referring  to  table  I 
we  find  that  a  heater  12  pipes  deep  will  be  required  and  that  the 
corresponding  efficiency  of  the  heater  will  be  1650  B.T.U. 

Then =  460  square  feet  of  surface  required. 

1650  ^  ^ 

Pipe  Connections.  In  the  heater  shown  in  Fig.  16,  Part  I, 
all  of  the  sections  take  their  supply  from  a  common  header  ;  the 
supply  pipe  connecting  with  the  top,  and  the  return  being  taken 
from  the  lower  division  at  the  end,  as  shown. 

In  Fig.  7  the  base  is  divided  into  two  parts,  one  for  live 
steam  and  the  other  for  exhaust.  The  supply  pipes  connect  with 
the  upper  compartments  and  the  drips  are  taken  off  as  shown. 
Separate  trai>s  should  be  provided  for  the  two  pressures. 

The  connections  in  Fig.  8  are  similar  to  those  just  described 
except  the  supply  and  return  headers,  or  bases,  are  di-ained  through 
separate  pipes  and  traps ;  there  being  a  slight  difference  in  pres- 
sure between  the  two  which  is  likely  to  interfere  with  the  proper 
drainage  if  brought  into  the  same  one.  This  heater  is  arranged 
to  take  exhaust  steam  but  has  a  connection  for  feeding  in  live 
steam  through  a  reducing  valve  if  desired  ;  the  whole  heater  being 
under  one  pressure. 

It  is  often  desirable  to  have  a  heater  connected  up  in  sections 
80  tliat  one  or  more  can  be  shut  off  in  mild  weather  when  the 
whole  capacity  of  the  heater  is  not  required.  In  this  case  each 
section  has  separate  connections  with  valves  in  supply  and  return. 
Fig.  10  shows  an  excellent  method  of  making  the  connections  for 
a  heater  using  both  live  and  exhaust  steam  as  in  this  way  any 
number  of  sections  may  be  used  for  exhaust  from  one  to  the  entirf 
heater  by  a  proper  adjustment  of  the  valves. 


18  HEATING  AND  VENTILATION. 

The  usual  connections  in  Fig.  9  are  plainly  shown.  A  supply 
header  runs  across  the  front  of  the  heater  fiom  which  valved 
branches  are  taken  off  to  the  several  groups.  The  return  pipes 
have  cross  connections  with  the  sewer  or  drain  for  blowing  out 
the  air  when  steam  is  first  turned  on.  Two  or  more  groups 
should  1>e  connected  for  the  use  of  either  exhanst  or  live  steam  as 
shown  in  Fig.  10,  and  separate  traps  should  be  provided  for  the 
two  pressures.     Lai^  and   freely  working  automatic  air  valves 
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should  Iw  iin>vide<i  in  the  ruturn  heiidi;r  (if  ciitli  section  or 
gi-unp,  whatever  tlie  tyjie  of  heater,  iind  it  is  well  also  to  pmvido 
hitnd  pet  cocks  foi'  i)j)ening  when  steam  is  fiiut  turned  on.  Tlie 
form  of  tieater  bIjowh  in  Fig,  9  is  especially  efficient  and  may  be 
relied  upon  l<i  give  an  t-tricitncy  of  aliont  1800  B.T.U.  and  to 
raise  tlie  air  from  zero  t*;  811°  with  a  velocity  of  800  feet  between 
the  pipes  and  a  sle;iin  pressui'e  of  20  pounds.  A  cast-iron  sectional 
heater  will  give  abont  1;VI0  li.T.U  under  tlie  same  conditions. 

Pipe  5izes.  Tim  jiipe  sizes  reijnired  in  this  system  of  lieat- 
ing  may  l)e  eomputed  from  the  tivblea  already  given.  The  length 
of  run  from  the  l)oiler  or  nniiit,  tlie  pressure  carried  and  the  iillow- 
iible  dnip  aiv  the  faetoi«  governiug  tlie  size  of  the  main  supply 
and  branches,     Ueatei-s  of  the  pLtteru  shown  in  Figs.  7  and  10 
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are  uaiully  tapped  at  the 
factory  for  high  or  low 
pressure  as  desired  and 
these  sizes  may  he  followed 
in  making  the  pipe  con- 
II  actions. 

The  sizes  marked  on 
Fig.  9  may  be  need  for  all 
ordinary  work  where  the 
pressure  runs  from  5  to  20 
pounds ;  for  pressures 
above  that  the  supply  con- 
nections  may  be   reduced 

Pans    and    Blowers. 

The  term  fan  is  commonly 
applied  to  any  form  of  ap- 
paratus for  moving  air  in 
which  revolving  blades  or 


Fig.  n. 


propellers  are  used, 
while  the  word  blower  is 
used  only  iu  those  cases 
where  the  wheel  or  pro- 
peller is  enclosed  in  a 
casing. 

Referring  to  Part  I, 
Fig.  17  shows  tlie  usual 
form  of  fan  or  wheel 
used  in  the  common 
type  of  blower  and 
Fig.  11  represents  the 
usual  form  of  a  regular 
steel  plate  blower  with 
full  housing.  Where  a 
blower  is  connected  witii 
a  heater  having  a  steel 
plat«  casing  it  has  an 
inlet  only  on  one  side, 
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liiit  when  used  in  connection  with  a  heater  of  the  type  ahown  in 
Fig.  9  it  should  hare  inlet  openings  upon  both  aides  as  shown  iu 
Fig.  12. 


The  discharge  opening  can  be  made  in  any  position  deHired, 
either  up,  down,  top  horiicontal,  bottom  horizontal  or  at  any  ui^ 
Fig.  13  shows  a  top  horizontal  discbarge  blower  connected  witli  i 
heater. 
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Where  the  height  of  the  fan  room  is  limited,  a  form  called 
lie  tlirce-quarter  housing  may  be  used  in  which  the  lower  part  of 
^e  caoiug  is  replaced  by  a  brick  pit  below  the  floor  level.  Such 
i  construction  is  shown  in  Fig.  14  with  a  direct-connected  engine. 
Another  tyite  of  fiin  known  as  a  disc  wheel  may  be  used  where 
Bie  air  pat^ages  firo  large  and  the  resiBtance  to  air  flow  is  small, 
nit  for  ordinary  ventil.iting  work  the  encased  blower  is  to  Itp  pre- 
krred.     The  coue  fan  shown  iu  Fig.  20,  Part  I,  is  a  very  efScient 


1  and  may  be  usei!  In  a  wall  ojwning  as  there  shown  or  made 
buble  and  enclosed  in  a  steel  plate  housing. 

Fan  Capacity.  The  volume  of  air  which  a  given  fan  will 
leliver  depemls  upon  the  speed  at  which  it  in  run  and  the  friction 
r  resistante  ihrongh  the  heater  and  air  ways.  The  pressure 
sferred  to  in  connection  with  a  fan  is  that  in  the  discharge  outlet 
l&d  represents  the  force  which  drives  the  air  thfough  the  ducts 
liid  Sues.  The  gi'eater  the  pi'CBsure  with  a  given  resistance  in 
9ie  pipes  the  greater  will  be  the  volume  of  air  delivered,  and  the 
reater  the  resistance,  the  greater  the  pressure  required  to  ojliver 
k  given  quantity. 

Fan  wlieels  of  the  same  manufacture  are  usually  made  with 
kcDHHtaut  ratio  between  the  diameter  and  width,  alUiough  special 
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forms  are  raade  where  this  does  not   hold   true.     All   practical 
data  on  the  action  of  fans  is  based  on  the  results  of  tests,  and 
from  these  tlie  following  I'elations  have  been  found  to  be  approx 
iinately  correct: 

(1)  The  volume  of  air  delivered  varies  directly  as  the  speed 
of  the  fan,  that  is,  doubling  the  number  of  revolutions  doubles 
the  volume  of  air  delivered. 

(2)  The  pressure  varies  as  the  square  of  the  speed,  for 
example,  if  the  speed  is  doubled  the  pressure  is  increased 
2  X  2  =:  4  times,  etc. 

(3)  The  ix)wer  required  to  run  the  fan  varies  as  the  cube 
of  the  speed;  again,  if  the  speed  is  doubled  the  power  required  is 
increased  2x2x2  =  8  times. 

The  value  of  a  knowledge  of  these  relations  may  be  illustrated 
by  the  following  example. 

Suppose  for  any  reason  it  was  desired  to  double  the  volume 
of  air  delivered  by  a  certain  fan.  At  first  thought  we  might 
decide  to  use  the  same  fan  and  run  it  twice  as  fast ;  but  when  we 
come  to  consider  the  power  required  we  should  find  that  this 
would  have  to  l)e  increased  8  times,  and  it  would  probably  be 
much  clieaper  in  the  long  run  to  put  in  a  larger  fan  and  run  it  at 
lowei'  speed.  In  s[>eaking  of  a  fan  as  a  4  or  5-foot  fan,  the 
diameter  of  the  propeller  wheel  is  meant,  but  if  we  say  an  80  or 
lOO-inch  fun  we  mean  the  height  of  casing  in  inches. 

It  has  been  found  in  pmctice  that  fans  of  the  blower  tj^pe 
havincc  cnrved  floats  operate  quietly  and  give  good  results  when 
run  at  a  speed  coiresponding  to  |  ounce  pressure  at  the  dischaige 
outlet;  tills  gives  -i  s{)eed  of  al)out  3600  feet  per  minute  at  the 
cireumference  of  the  wlieel.  Higher  speeds  are  accompanied  with 
H  greater  expenditure  of  power  and  are  likely  to  produce  a  roaring 
noise  or  cause  vibnition.  A  much  lower  speed  does  not  provide 
surtieient  pressure  to  give  proper  control  of  the  air  distribution 
during  strong  winds.  The  following  table  gives  average  capacities 
for  various  sizes  of  fans  and  the  corresponding  horse-power  of 
engine  required.  If  an  electric  motor  is  used  multiply  the  horse- 
power given  in  the  table  by  1.3. 

This  is  done  because  we  can  never  tell  exactly  what  the  power 
required  will  be  and  it  is  well  to  have  an  excess  to  meet  any 
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emergency  or  unlooked-for  conditions  which  may  arise.  In  the 
case  of  a  steam  engine  the  steam  pressure  may  be  raised  to  meet 
any  special  requirements  but  a  motor  can  only  give  out  the 
original  power  for  which  it  was  designed. 

TABLE  III. 


Nominal    Sixe 

of  Fan.  Height 

of  Housing  in 

Inches. 

Diameter  of 

Fan  Wheel  in 

Inches. 

Width  of 

Housing  in 

Incbes. 

Ordinary 
Speed   Giving 
i  Ounce  Pres- 
sure. 

Cable  Feet  of  Air 

Delivered  per 

Hinate. 

Horse- 
Power    of 
ESngine  to 
Drive  the 
Fan. 

30 

18 

9 

870 

1000 

\ 

40 

24 

12 

580 

1600 

60 

30 

15 

465 

2600 

1 

60 

36 

18 

390 

4500 

2 

70 

42 

21 

333 

6000 

80 

48 

24 

293 

8000 

90 

54 

28 

260 

11000 

4 

100 

60 

32 

233 

12500 

4 

120 

72 

43 

195 

21500 

7 

140 

84 

48 

167 

28'iOO 

9 

160 

96 

48 

117 

31800 

10 

108 

54 

130 

40400 

13 

120 

60 

117 

51000 

16 

Fan  Ensrines.  A  simple,  quiet  running  engine  is  desirable 
for  use  in  connection  with  a  fan  or  blower.  They  may  \ye  either 
horizontal  or  vertical  and  for  schoolhouse  and  similar  work  should 
be  provided  with  large  cylinders  so  that  the  required  power  may 
be  developed  without  carrying  a  boiler  pressure  mucli  al)ove  30 
pounds.  In  some  cases  cylinders  of  sueli  size  are  used  that  a 
boiler  pressure  of  12  or  15  pounds  is  sufficient.  The  quantity  o^ 
steam  which  an  engine  consumes  is  of  minor  importance  as  the 
exhaust  can  be  turned  into  the  coils  and  used  for  heating  purposes. 
If  space  allows,  the  engine  should  always  be  belted  to  the  fan. 
Where  it  is  direct-connected,  as  in  Fig.  14,  there  is  likely  to  be 
trouble  from  noise,  as  any  slight  looseness  or  pounding  in  the 
engine  will  be  communicated  to  the  air  ducts  and  the  sound  will 
be  carried  to  the  rooms  above.     Figs.  15  and  16  show  common 

forms  of  fan  engines.    The  latter  is  especially  adapted  to  this  pur- 
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poee  as  all    l»arings  »re  enclosed  and    protectal  from  diiat  i 
grit.      A  lionzontiil  engine  for  fan  hsw  is  shown  in  Fifj.  17. 

Motors.     Electric  motors  are  esi>ecially  adapted  for  use  i 


connection  with  fans.     They  are  easily  pontiolled  liy  a  switch  ana 
starting  box  or  regulator.     The  motor  may  be  directly  connucted 


IIEATTNfi  ANI>  VENTILATION.  26 

I  to  the  fan  shaft  or  it  may  l>e  belted.     Fig,  18  shows  it  fan  with 
I  directKJonnected  njotor. 

Area  of  Ducts  and  Flues.  With  t)ie  blower  ty|>e  of  fan  the  eize 
%  of  the  main  ducts  m.\v  be  based  on  avelouiy  of  liOO  to  1500  feet  per 
I  minute,  the  branches  on  a  velocity  of  1000  to  1200  feet  per  minute, 
I  Bnd  as  low  iis  (jOO  tu  800  feet  when  tlie  pipes  are  small.     Flue 


Fig.  «. 

■Telooities  of  500  to  700  feet  per  minute  may  be  used  althoug)i  tlie 
lower  velocity  is  preferable.  The  sixe  of  the  inlet  register  should 
T>e  Buch  that  the  velocity  of  tbe  entering  air  will  not  exceed  about 
800  feet  per  minute.  The  velocity'  lietween  the  inlet  windows 
Bud  tlie  fau  or  heater  should  not  exceed  about  800  feet. 
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The  air  ducU  and  Sues  Are  iiauHlly  made  of  galvanized  iroaJ 
the  ducU  Ix-iiig  run  »t  the  basement  ceiling.  No.  20  and  22  imiq 
is  used  for  the  larger  sizes  and  24  to  28  for  the  smaller. 

Itegiihiting  dampei-s  sliniild  lie  ]ilaeed  in  ihe  hranebes  leaijin 
to  each  flue  for  inoreiising  or  reducing  the  air  supply  to  the  dilTeH 
ent  rooms.     Adjnstabte  deflectors  art^  ofwn  pltived  iit  the  fork  a 
a  pipe  for  tbo  same  purpose.     One  of  these  is  shown  in  Fig.  1  St. 


Factory  HeatiilK.  The  application  of  forced  hliwt  for  Ui» 
wanning  of  factories  and  shops  is  shown  in  Figs.  20  and  21 . 
pro[)ortional  beating  surface  in  this  case  is  genemlly  expressed  tl 
the  number  of  cubic  feet  in  the  building  for  each  linear  foot  c 
1-ineh  steam  pipe  in  the  heater.  On  this  basis,  in  factory  p»M 
tice  with  all  of  the  air  taken  from  out  of  doors,  there  are  generalliH 
allowed  from  100  to  150  cubic  feet  of  space  per  foot  of  pip( 
according  ua  exhaust  or  live  steam  is  used  ;  live  steam  in  this  c 
indicating  steam  of  abont  80  pounils  prcssiire.  If  piiictically  a 
of  the  air  is  returned  from  tlie  buildings  to  the  heater,  these  figure 
may  be  raised  to  alxtut  140,  us  a  mininitim  and  jmssibly  200  as  i 
maximum,  j>6r  foot  of  pipe.     Tlie  beaters  in  table  II  luay   i 
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Eclimigei]  to  linear  feet  of  1  inch  pipe  liy  multiplying  the  numbers 
I  in  column  three  (square  feet  of  surface^  by  tbiee. 

Example. —  A  machine  shop  100  feet  long  by  50  feet  wide  and 
PS  stories,  each  10  feet  high,  ie  to  be  warmed  by  forced  blast  using 


Fig.  18. 


I  exhaust  steam  In  the  heater.  The  air  is  to  be  returned  to  the 
I  heater  frum  tlie  building  and  the  whole  amount  contained  in  the 
I  building  in  to  pass  through  tlie  heater  every  15  minutes.  What 
I  size  of  blower  will  be  required  and  what  will  lie  the  H.P.  of  the 
ftengino  required  to  run  it?  How  many  linear  feet  of  1  inch  pipe 
§vhould  the  heater  contain? 

The  total  volume  of  air  is 

lOO  X  50  X  3  X  10  =  150,(100  cubic  f^eL 

This  will  require 

150,000        ,„_-,  I    ^    t    ■ 

-^  10(1  feet  of  pipe. 


140 
There  are  10,000  .jubic  feet  of  a 


■  requ 


1  per  I 


rmte ;  henue 
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from  Table  III  we  must  use  a  4  H.P.  engine  And  a  90-inch  Uower. 
If  lire  steam  were  used,  at)d  the  air  changed  every  20 
minutes,  we  shniiM  need  150,000  -i-  200  =  750  feet  of  pipe,  and 
7500  cubic  feet  of  iiir  iii-i"  miiiiile,  lequiiiiig  a  2^  H.P.  engine  and 
an  80-iiiel.  bli.".r. 

In  using  this  melliod  of  computation  judgment  mutt  be 
used  which  can  only  come  fram  exjierience.  The  iigurea  given 
are  for  avei^e  conditions  of  construction  and  exposure. 

Double  Duct  System.  The  varying  exposures  of  the  rooms 
of  a  school  or  other  building  similarly  occupied  ret^uire  tliat  more 
huat  shall  be  supplied  to  some  than  to  others.  Rooms  tliat  are  on 
tlie  south  side  of  the  building  and  exposed  to  the  sun  may  perhaps 
be  kept  perfectly  comfortable  with  a  supply  of  beat  that  will 
maintain  a  temperature  of  only  50  or  60  degrees  in  rooms  on  the 
opposite  side  of  the  buildiug  which  ai'c  exposed  to  high  winds  and  shut 
off  from  the  warmth  of  the  ann. 
Witli  a  constant  and  equal 
air  supply  to  each  room  it  is 
evident  that  the  temperature 
must  be  directly  proportional  to 
the  cooling  surfaces  and  ex- 
posure, and  that  no  building  of 
this  character  can  be  properly 
heated  and  ventilated  if  the 
tera|>eratare  cannot  be  varied 
without  affecting  the  air  supply. 
There  are  two  methods  of 
overcoming  this  difficulty : 
'iTie  older  arrangement  consists  in  heating  the  air  I^  means 
of  a  primary  coil  at  or  near  the  fan  to  about  60  degrees,  or  to  the 
minimum  temjmratuTO  required  witliin  the  building.  From  the 
coil  it  p:i8ses  to  the  bases  of  the  various  flues  and  is  there  still 
further  heated  as  required,  by  secondary  or  supplementary  beaters 
placed  at  the  hiise  of  each  flue. 

With  the  seeond  and  more  recent  method  a  single  heater  is 
employed  and  all  <if  the  air  is  heated  to  the  maximum  required  to 
maiiitiiiu  the  desired  teuijieralure  in  the  most  exi.)Osed  rf«>nis, 
while  the  temperature  of  tlie  oilier  rooms  is  regulated  by  mixing 
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witli  the  lifit  air  a  suflicienl  volume  of  cold  air  at  the  basea  of  the 
different  flues.  Tliia  result  is  l)est  accomplishe^l  liy  designing  s. 
hot  blast  appuratiu)  so  that  tlie  air  shall  be  forced,  rather  than 


Fig.  20. 

brnwii  through  the  heater,  and  by  providing  a  by-pa«s  through 
irhich  it  may  W  discharged  without  passing  across  the  heated 
bip<M.     The  pass^e  for  the  cold  air  is  usually  made  above  and 
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separate  from  the  heater  pipes  (see  Fig.  19.  Piirt  I,).  Extemlia 
from  the  appamtua  is  a  doiilile  sji>t(!iu  of  ducUt,  usually  of  gal\'ai 
izeil  iron,  and  suspended  from  the  ceiliDg,  At  the  buse  of  t 
flue  is  placed  a  mixing  damper  wliioh  is  controlled  by  a  chai 
from  the  room  above  and  bo  designed  aa  to  admit  either  »  fu| 
volume  of  hotuir,  a  full  voluim;  uf  fold  ;tii-  ur  in  mix  tliL-i 


desired   proportion  withoat  uffeoting  the  n^snlting  total  volui^ 
delivered  to  the  room.    A  damper  of  thia  form  is  shown  in  Fig.  f 

Fig.  23  shows  an  arrangement  of  disc  fan  and  heater  where  thai 
wr  is  firet  drawn  through  a  tempering  coil,  then  a  portion  of  il 
forced  through  a  second  beater  and  into  iha  warni-iiir  pipes  whilj 
tlie   remjunder  is  by-passed  under  tlie  heater   into   the   o(^-dj 
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hipea.     Mixing  ilampera  are  placed  at  the  bases  of  the  flues  as 
itready  descrihed. 

EXHAUST  VENTILATION. 

When  air  is  to  I>e  moved  against  a  very  slight  reaistatice,  a.i 
ill  thfl  case  of  exhaust  ventilatinii,  the  disc  or  propeller  type  of 
Thee!  may  be  used.  Thia  is  shuwii  in  different  forms  in  Figs.  24, 
25  and  26.  Tlias  tjiie  of  fan  is  light  in  construction,  requires 
but  little  power  at  low 
Bpeedfi,  and  is  easily 
reeled.  It  may  l>e  con- 
finiently  placed  in  tlie 
or  upper  ntnry  of 
l>ui1ding,  where  it  may 
1  driven  eitlitr  hy  a 
reel  or  belt-connected 
Bctrlc  motor.  Fig.  24 
lOWB  a  fan  equi|Ji)L'd 
[ith  a  direct-connected 
otor,  und  Fig.  27 
e  general  arrangement 
^len  a  I»;lle<l  motor  is 
jwd.  These  fans  are 
irgely  used  for  (he 
entilation  of  t«)ilei  and 
noking  rooms,  restau- 
UitB,etc.  and  are  usually 
lounted  in  a  wall  open- 
Hg,  AS  shown  in  Fig.  27. 
idamper should  tilwiiy?' 
D  provided  for  («hntttiig 
S  the  opening  wiit-n 
ie  fan   is  not   in    usi,-. 

^e  fans  shown  in  Figs.  25  and  2ij  are  provldeil  wit 
alt  connection. 

Fans  of  tins  kind  are  often  connected  with  the  mam  vent 
flues  of  lai-ge  buildings,  such  as  schools,  halls,  churches,  theatres, 
eto^   and    are   especially   adapted   for   use    in   connecUou   with 


for 
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■vity  heating  systems.     They  are  usually  run  by  eJectrie  motors, 
1  a  rule  ait;  placu'l  iu  posilionis  where  an   eugine  could 


'here  steam  [jrestiiire  is 


FiR.  24. 

not  bo  connected,  mid  nlso  in  biiildinga  ' 
not  nvailaUe. 

Tnhle  IV  gives  the  air  delivery  per  minute  against  slight 
rr&istance,  aud  the  proper  size  of  motor  fur  funs  of  the  disc  type. 
TABLE  IV. 


IlUiuetcr  or 

C.bl...,.ot.l, 

H,  P.  or 

"»'"'"'" 

miaute. 

delirereJ  per  niloule 

Motor. 

12 

1.000 

000 

1 

18 

8011 

1.500 

2J 

500 

2,300 

l' 

30 

410 

3,500 

1 

36 

380 

.5,700 

1} 

42 

330 

7,800 

2 

48 

2SU 

9,900 

8 

54 

2'.0 

12..500 

8 

i;ij 

230 

16,000 

5 
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ELBCTRIC  HEATINO. 

Unless  electricity  is  prwluced  at  iv  very  low  cost,  it  is  i 
coin  mere  i  ally  practkable  for  lieatiug  leaitlpncai  or  large  btiildiiij]j 
Tlie  electric  heater,  liowever,  Uixs  ijiiite  u  wide  fit-lil  of  npjiltcatioj 
in  lieaticg  siiiiUl  otlices,  Imtliiuums,  eieclrio  em's,  etc.  It  u  | 
convenient  method  of  warming  rooms  on  cokl  mornings  in  lad 
Bpriug  iiiid  early  fall,  wlien  fnmnce  or  eteam  heat  is  not  at  ham 
It,  luu  tlie  especittl  advaiiUige  of   being   iinilaiitly  avutlablo,  ai^ 


the  amount  of  lioat  ciui  be  regulated  ul  will.     The  beaters  t 
perfectly  clean,  do  not  vitiate  the  air,  and  are  portable. 

Electric  Heat  and  Energy.  The  commercial  unit  for  elej 
tricity  is  one  watt  for  one  lionr,  and  is  etia&l  to  8.41  B.T.I 
Electricity  ia  nsually  sold  on  the  basis  of  1 ,000  wait  hours  (colli 
Kilowattrhoiit^),  which  ia  eiptivalent  to  S,410  H.  T.  U.     At 
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as  we  have  learned,  is  the   product  obtained  by  multiplying  a 
current  of  1  ampere  by  an  electro-motive  force  of  1  volt. 

From  the  above  we  see  tliat  the  B.  T.  U.  required  per  hour 
for  warming,  divided  by  3,410, 
will  ^ve  the  Kilowatt-hours 
necessai-j-  for   supplying  the 
required  amount  of  heat. 

Construction  of  Electric 
Heaters.  Heat  is  obtained 
from  the  electric  current  by 
placing  a  greater  or  less  re- 
sistance in  its  path.  Various 
forms  of  heatera  have  been 
employed.  Some  of  the 
simplest  consist  merely  of 
coils  or  loops  of  iron  wire, 
arranged  in  parallel  rows,  so 
that  the  current  can  he  passed 
through  as  many  coils  ii^  ai-e 
needed  to  provide  the  required 
amount  of  heat.      In    other 

forms  the   heating  materiiil  is  surrounded  with  fire-clay,  enamel 
or   asbestos,   and   in   some   cases   the    niiit^'rliil  itself    has    been 


Fig.  27. 

such  as  to  give  considerable  reiiiNtance  to  the  current.  A  form 
of  electric  car  heater  is  shown  in  Fig.  2S.  Forms  of  radiatora 
are  shown  in  Figs.  21,  22  and  2d,  in  Pan  I. 
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Connections  for  Electric  Heaters.  The  method  of  wiring 
for  electric  lieatera  is  essentially'  the  same  as  for  lights  whicli 
require  the  some  amount  of  current.  A  constant  electro-motive 
force  or  voltage  is  maintained  in  the  main  ^vire  leading  to  the 
heaters.  A  much  leas  voltage  is  carried  on  the  return  wire,  and 
the  current  in  passing  through  the  heat«r  from  the  main  to  the 
return,  di'opa  in  voltage  or  pressure.  This  drop  provides  the 
energy  which  is  transformed  into  heat. 

The  principle  of  electric  heating  is  much  the  same  as  that 
involved  in  the  non-gravity  return  system  of  steam  heating.  In 
that  system  the  pressure  on  the  main  steam  pipes  is  that  of  the 
boiler,  while  that  on  the  return  is  much  less,  the  reduction  in 
pressure   occurring   in   the   passage   of    the   steam    through   the 


Kg.  28. 

iiuliatcii-s  ;  tlic  water  of  lonilcnsiitiim  is  ii^eeived  into  a  tank  and 
returned  U>  the  iKiiK'r  hy  a  pump. 

In  a  Nysteni  of  electric  hiMting  the  main  wires  must  be  suffi- 
ciently  large  to  pi'cvent  a  sensible  reduction  in  voltage  or  pressure 
between  Ihc  jji-ncrator  and  the  hcat<'r,  so  that  the  pressure  in 
thum  shall  ho  stilisliintiiilly  that  in  the  geiiei-ator  The  pressure 
or  voltage  in  the  main  return  wire  is  iilso  constant,  but  very  low, 
and  the  generator  has  iin  ofllce  similar  to  that  of  the  steam  pump 
in  tlie  systi-ni  jnst  dcsci'ilM'il ;  that  is,  of  raising  the  pressure  of 
tlio  return  eiinvnt  np  to  tluit  in  the  main.  The  jiower  supplied  to 
the  generator  can  1)0  coiisidcrcd  the  samo  as  the  boiler  in  the  first 
ca.se.  All  of  the  cniTeiit  whieh  passes  fi-oin  the  main  to  the  return 
must  flow  thniugli  (lie  heater  and  in  so  doing  its  pressure  oi 
voltage  falls  from  that  of  tin;  main  to  that  of  the  return. 

From  the  generator  shown  in  Fiy.  29,  main  and  return  wire* 
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are  run  the  snnie  as  in  a  two-pipe  system  of  steam  heating,  and 
tliese  are  proportioned  to  carry  the  required  current  without 
sensible  drop  or  loss  of  pressure.  Between  these  wires  are  placed 
the  various  heaters,  which  are  arranged  so  that  when  electric 
connection  is  made  they  draw  the  oitrrent  from  the  main  and 
dischai^e  it  into  the  return  wire.  Connections  are  made  and 
broken  by  switches  which  take  the  place  of  valves  on  ateam 
radiators. 

Cost  of  Electric  Heating.     The  expense  of  electric  heating 
must  in  every  case  he  great,  unless  the  electricity  can  be  supplied 


at  an  exceedingly  low  cost.  Estimated  on  the  haaia  of  prest^nt 
practice,  the  average  transformation  into  electricity  does  not 
account  for  more  than  4  per  cent  of  the  enei^y  in  the  fuel  which 
is  humed  in  the  furnace  ;  although  under  best  conditions  15  per 
cent  has  been  realized,  it  would  not  be  safe  to  assume  that  in 
ordinary  practice  more  than  5  per  cent  could  be  transfonned  into 
electrical  energy.  In  heating  with  steam,  hot  water  or  hot  uir, 
the  average  amount  utilized  will  probably  be  about  60  per  cent, 
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8o  that  tlie  pxpeiii^e  of  electrical  Itenting  m  uppruxtiiiiiti'l 
12  to  15  tunes  greiit«r  timn  by  these  methods. 

TEMPERATURE  REOULATORS. 
The   priucipal   systems   of    automatic    tempemtut-e   i 


Fig.  ao.  Fig.  81. 

now   in   use   consist   of   tliree   eaaential  features  :    First,  an  i 
compressor,   reservoir   and    distributing   pijH-B;   Reeomi,    them 
Ktata,   wliich   are   placed   in    tlie    rooms   to    be    regulated; 
third,   speciiil  diuplinigm  or  pneumatic   valves  at   the  mdiatca 
The  air  cornprettor  in  usually  operated  by  water  preaaure  I 
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tnnll  ptunts  nml  liy  steam  in  hiiger  ones;  electricity  is  used  in 
ses.  Kig.  30  shows  ii  form  of  water  compressor.  It  is 
milur  ill  piiiiL'iple  to  it  ilirecb-acting  stcani  pump,  in  which  watflT 
Rtler  preasiiro  takes  the  phice  of 
A  pistfln  in  the  upper 
^linder  compresses  the  air,  ivhiuli 
I  stored  in  a  reservoir  provided 
ir  tho  purpose.     When  the  pres 

a  in  the  reservoir  drops  below 

certain  point,  the  compresaoi 
I  staite<i  automatically,  and  eon 
iniies  to  operate  imtil  the  pres 
ire  is  brought  up  to  its  workuig 
liiiidard. 

A     thermoitat     is     sinijdy      i 

schanism  for  opening  and  tlos 

f  oiie  or  more  small  vah  es  and 
I  acluatetl  by  changes  in  the  teni- 
Bfature  of  the  air  in  which  it  is 

well.     Fig.  31  showH  a  tlieniio- 

A    ill     which     the     valves     are 
[>envtud    by   the    expansion    and 
Dntraction  of   the  met^d  stiip  E. 
degree    of     teniijeratnre     at 

ieb  it  acts  nuiy  l»e  adjusted  ljy 
IDJwing  the  pointer  at  the  Ixittom 

)  way  or   the  otlier.      Kig.  32 

>ws  the   same   thenuost;tt  with 

oriiametital    casing   in    phtee. 

Hie   tliermostat  shown  in  Kig.  33 

peratea  on  a  somewhat  different 

rineiple.     It  ctmsists  of  a  vessel 

iarHt«d  into  two  chamliei-s  by  a 
letal  diaphri^m.  One  of  tliese 
lambors   is    pirtially   fdled   with 

liquid,    which   will    IkiiI    at    a 

mperature  below  that  desired  in  the  room.     The  vapor  of  the 
quid  produces  considerable  pressure  at  the  normal  temperature 


ng.  82. 
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of  the  room,  and  a  slight  increase  of  heat  crowds  the  diaphragm 
over  and  operates  the  small  ralres  in  a  manner  similar  to  that 
of  the  metal  strip  in  the  case  just  described. 

The  general  form  of  a  diaphragm  calve  is  shown  in  Fig.  34. 
These  replace  the  usual  hand  ralres  at  the  radiator.  They  are  sinii< 
lar  in  construction  to  the  oidinan'  globe  or  angle  valve,  except  the 
stem  slides  up  and  down  instead  of  being  threaded  and  running 
in  a  nut.  The  top  of  the  stem  connects  with  a  flat  plate,  which 
restB  against  a  rubber  diaphragm.  The  valve  is  held  open  by  a 
spring,  as  shown,  and  is  closed  by  admitting  compressed  air  to  the 
space  above  the  diaphragm. 

In  comiecting  up  the  system,  small  concealed  pipes  are  carried 


Fig-  33. 


from  the  air  reservoir  to  the  thermostat,  which  is  placed  upon  an 
inside  wall  of  tlie  room,  and  from  there  to  the  diaphragm  valve 
at  the  nidiator.  Wlien  the  temperature  of  the  room  reaches  the 
maximum  point  for  which  the  thermostat  is  set,  its  action  opens  a 
amall  valve  and  admits  air  pressure  to  the  diaphragm,  thus  closing 
off  the  stciini  from  the  riidiator.  When  the  temperature  falls,  the 
therniostitt  acts  in  tlie  opposite  manner,  and  shuts  off  the  air  pres- 
sure from  the  diaphragm  valve,  and  at  the  same  time  opens  a 
small  exhaust  which  allows  the  air  above  the  diaphragm  to  escape. 
The  pressure  being  removed  the  valve  opens  and  again  admits 
steam  to  the  radiator.  Thermostats  and  diaphragms  are  also 
osed  for  operating  mixing  dampers  in  a  similar  manner. 
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HEATING  AND  VENTILATION. 
Various  Classes  of  Buildings. 

The  different  methods  used  in  heating  and  Teiitilation, 
f  togruier  with  the  maimer  of  computing  the  various  proportions  of 
I  tlio  apparatus,  liaviug  Ijeen  taken  up,  the  application  of  these 
iByst^nis  to  the  different  classes  of  buildings  will  now  Iw  considered 
r  Tniefly. 

School  Buildings.  For  school  buildings  of  small  size,  the 
ntace  system  is  simple,  i!DiiTenient  and  generally  effective.  Its 
I  13  confioed  as  a  general  rule  to  buildings  having  not  more 


Fig.  34. 

I  than  e^bt  rnoms.  For  large  ones  this  method  must  generally  give 
way  to  some  form  of  indirect  steam  system  with  one  or  more 
■<tx>UerB,  wliich  occupy  less  space,  and  are  more  easily  cared  for  than 
I  number  nf  fumaco)  scattered  about  in  different  parts  of  the 
wment.  Like  all  systems  that  depend  on  natural  cireulation, 
tlie  supply  and  removal  of  air  is  considerably  affected  by  changes 
1  the  (lulsitlu  temperature  and  by  winds. 

The   furnaces    used   are   generally  built   of  cast  iron;    this* 
latetial  being  durable,  and   easily  made   to  present   large  and 
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:*.  .:;■  :.-  .:.  "..  -  '";.:•<■:':•. n  ami  force  of  the  wind  where  this  coii- 
*^*:u--v':  11  i-i  J- •.->/! /.»',  .lU'i  thi>  is  of  much  iniportanee  in  exposotl 
!'»« .Jt'iuKs.  'J  iie  iiit'thofl  nf  supplying  cold  air  to  the  coils  nr 
hrairrs  1^  iinporiaiit,  aii«l  should  1m;  carefully  worked  out  in  tin* 
luanncr  jii-.-vioiwly  d«'s<TilM-(l.  Mixing  dampers  for  reguhiting  the 
t^^inpc'ialun"  of  tin-  rooms  should  he  provided  for  each  flue.  The 
*iffee  of    these  dampers  will  depend   largely  upon    their 

coi  ul   they    should    l>e    made    tight   against    cold-air 
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leakage  by  covering  the  surfaces  or  flanges  against  which  the^ 
close  with  some  form  of  asbestos  felting.  Both  inlet  and  outlet 
gratings  should  be  provided  with  adjustable  dampera.  One  of 
the  disadvantages  of  this  system  is  the  delivery  of  all  the  heat  to 
tlie  room  from  a  single  point,  and  this  not  always  in  a  position 
to  give  the  best  results.  The  outer  walls  are  thus  left  unwarmed, 
except  as  the  heat  is  diffused  throughout  the  room  by  air  currents. 
When  there  is  considerable  glass  surface,  tis  in  most  of  our 
modern  schoolrooms,  draughts  and  ciUTcnts  of  cold  air  are 
frequently  found  along  the  outside  walls. 

A  very  satisfactory  arrangement  is  the  use  of  indirect  heaters 
for  warming  the  air  needed  for  ventilation,  and  tlie  placing  of 
direct  radiation  in  the  rooms  for  heating  purposes.  The  gen  end 
construction  of  the  indirect  stacks  and  flues  may  be  the  same,  but 
the  heating  surface  can  be  reduced,  as  the  air  in  this  case  must 
be  raised  only  to  70  or  75  degrees  in  zero  weatlier;  the  heat  to 
offset  that  lost  by  conduction,  etc.,  through  walls  and  windows 
being  provided  by  the  direct  surface.  The  mixing  dampers  are 
also  omitted,  and  the  temperature  of  the  room  is  regulated  by 
opening  or  closing  the  steam  valves  on  the  direct  coils,  which 
may  be  done  either  by  hand  or  automatically.  The  direct-heat- 
ing surface,  which  is  best  made  up  of  lines  of  1  J-inch  pipe, 
should  be  placed  along  the  outer  walls  beneath  the  ^vindows. 
This  supplies:  heat  where  most  needed,  and  does  away  with  the 
tendency  to  draughts.  In  mild  weather,  during  the  spring  and 
fall,  the  indirect  heatei*s  may  prove  sufficient  for  both  ventilation 
and  warming. 

Where  direct  radiation  is  placed  in  the  rooms,  the  quantity  of 
heat  supplied  is  not  affected  by  varying  wind  conditions,  as  is  the 
case  in  indirect  heating.  Although  the  air  supply  may  be  reduced 
at  times,  the  heat  quantity  is  not  changed.  Direct  radiation  has 
the  disadvantage  of  a  more  or  less  unsightly  appearance,  and 
architects  and  owners  often  object  to  the  running  of  mains  or 
risers  through  the  rooms  of  the  building.  Air  valves  should 
always  be  provided  with  drip  connections  carried  to  a  sink  or  dry 
well  in  the  basement. 

When  circulation  coils  are  used,  a  good  method  of  drainage  is 
to  carry  separate  returns  from  each  coil  to  the  basement,  and  place 
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the  air  valves  in  the  drops  just  below  the  basement  ceiling.  A 
check  valve  should  be  placed  below  the  water  line  in  each 
return. 

The  fan  or  blower  system  for  ventilation  with  direct  radiation 
in  the  rooms  for  warming,  is  considered  to  be  one  of  the  best 
possible  arrangements. 

In  designing  a  plant  of  this  kind  the  main  heating  coil  should 
\)e  of  sufficient  size  to  warm  the  total  air  supply  to  70  or  75 
degrees  in  the  coldest  weather,  and  the  direct  surface  sliould  be 
proportioned  for  heating  the  building  independently  of  the  indirect 
system.  Automatic  tempei^ature  regulation  sliould  be  used  in  con- 
nection with  systems  of  this  kind  by  placing  pneumatic  valves  on 
the  direct  radiation.  It  is  customary  to  carry  from  3  to  8  pounds 
pressure  on  the  direct  system  and  from  8  to  15  on  the  main  coil 
depending  upon  the  outside  temperature.  The  foot-warmers,  ves- 
tibiJe  and  office  heaters  should  be  placed  on  a  separate  line  of 
piping,  with  separate  returns  and  trap,  so  that  they  can  be  used 
independently  of  the  rest  of  the  building  if  desired.  Where  there 
is  a  large  assembly  hall  it  should  be  arranged  so  that  it  may  be 
both  warmed  and  ventilated  when  the  rest  of  the  building  is  shut 
off.  This  may  be  done  by  a  proper  arrangement  of  valves  and 
dampei-s.  When  different  parts  of  the  system  are  run  on  different 
pressures  the  returns  from  each  should  discharge  through  separate 
traps  into  a  receiver  having  connection  with  the  atmosphere  by 
means  of  a  vent  pipe.  Fig.  35  shows  a  common  arrangement  for 
the  return  connections  in  a  combination  system  of  this  kind.  The 
different  traps  discharge  into  the  vented  receiver  as  shown,  and 
the  water  is  pumped  back  to  the  boiler  automatically  when  it  rises 
above  a  given  level  in  the  receiver,  a  pump  governor  being  used 
to  start  and  stop  the  pumps  as  required. 

A  water  level  or  seal  of  suitable  height  is  maintained  in  the 
main  returns  by  placing  the  trap  at  the  required  elevation  and 
bringing  the  returns  into  it  near  the  bottom ;  a  balance  pipe  is  con- 
nected with  the  top  for  equalizing  the  pressure  the  same  as  in  the 
case  of  a  pump  governor.  Sometimes  a  fan  is  used  with  the  heating 
coils  placed  at  the  base  of  the  flues,  instead  of  in  the  rooms.  Where 
this  is  done  the  radiating  surface  may  be  reduced  about  one-half. 
This  system  is  less  expensive  to  Install,  but  has  the  disadvantage 
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of  removing  the  heating  surface  from  the  cold  walls  where  it  is 
most  needed. 

Churches.  Churches  may  be  warmed  by  furnaces,  indirect 
steam,  or  by  means  of  a  fan.  For  small  buildings  the  furnace  is 
more  commonly  used.  This  apparatus  is  the  simplest  of  all  and 
is  companitively  inexpensive.  Heat  may  be  generated  quickly, 
and  wlien  the  fires  are  no  longer  needed  they  may  be  allowed  to 
go  out  without  diuiger  of  damage  to  any  part  of  the  system  from 
freezing. 

It  is  not  usually  necessary  that  the  heating  apparatus  be  large 
enough  to  warm  the  entire  building  at  one  time  to  70  degre(»  with 
fre(|uent  change  of  air.  If  the  building  is  thoroughly  warmed  before 
occupancy,  either  by  rotation  or  by  a  slow  inward  movement  of 
outside  air,  the  chapel  or  Sunday-schoolroom  may  be  shut  off  until 
near  the  close  of  the  service  in  the  auditorium,  when  a  portion  of  the 
warm  air  may  be  turned  into  it  When  the  sei-vice  ends,  the 
switch  damper  is  opened  wide,  find  all  of  the  air  is  discharged  into 
the  Sunday-school  room.  The  position  of  the  wann-air  registers 
will  depend  somewhat  upon  the  construction  of  the  building,  but 
it  is  well  to  keep  them  near  the  outer  walls  and  the  colder  pails 
of  the  room.  Large  inlet  registers  should  be  placed  in  the  floor 
near  the  entrdiice  doors,  to  stop  cold  drafts  from  blowing  up  the 
aisles  when  the  doors  are  opened,  and  also  to  be  used  as  foot- 
warmers. 

Ceiling  ventilators  are  generally  provided,  but  should  lye  no 
larger  than  is  neeessary  to  remove  the  products  of  combustion 
from  the  gasliglits,  etc.  If  too  large,  nuich  of  tlie  warmest  and 
puiest  air  will  escape  through  them.  The  main  vent  i\iwi^  should 
be  j)la(*e<l  in  or  near  lht»  floor  an<l  should  be  eonneeted  with  a  vent 
shaft  leading  onl hound.  This  flu«»  should  l)e  provided  with  a  small 
stove  or  flu(i  heater  made  espeeially  for  this  purpose.  In  cold 
weather  the  iiiilural  draft  will  he  found  suflicient  in  most  cases. 
The  same  <j:eneial  rules  follow  in  the  ease  of  indirect  steam  as 
have  been  described  for  furnace  heating.  The  stacks  ai'C  placed 
beneath  thc^  registers  or  Hues  and  mixing  dainpei's  provided.  If 
there  aw.  huge  win<lows,  tines  sliould  ho  arnuiged  to  open  in  the 
window  sills  so  that  a  shet^t  of  warm  air  may  l)e  delivered  in  front 
of  the  windows,  to  counteract  the  effects  of  cold  down  drafts  from 
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the  exposed  glass.  These  flues  may  usually  be  made  3  or  4  inches 
in  depth,  and  should  extend  the  entire  width  of  the  window. 
Small  rooms,  such  as  vestibules,  library,  pastor's  room,  etc.,  ai'e 
usnally  heated  with  direct  radiators.  Rooms  whicb  are  used  dur- 
ing the  week  are  often  connected  with  an  independent  heater  so 
that  they  may  be  warmed  without  running  the  large  boilers,  as 
would  otherwise  be  necessary. 

When  a  fan  is  used  it  is  desirable,  if  possible,  to  deliver  the  air 
to  tlie  auditorium  tlirough  a  large 
number  of  small  openings.  This 
>8  often  done  by  constructing  a 
shallow  box  under  each  pew,  run- 
ning ita  entire  length,  and  con- 
necting it  with  the  distributing 
ducts  by  means  of  a  pipe  from 
below.  The  air  is  delivered  at  a 
low  velocity  through  a  long  slot, 
as  shown  in  Fig.  36. 

The  warm-air  flues  in  the 
window  silLs  should  be  retained 
but  may  be  made  sliallowcr  and 
the  air  forced  in  at  a  high 
velocity. 

Halls.      The  treatment  of   a  Fik-  36- 

large  audience  hall   is  similar  to 

that  of  a  church,  and  is  usually  warmed  in  one  of  the  throe  ways 
already  described.  Where  a  fan  is  used  the  air  is  commonly 
delivered  through  wall  registers  placed  in  part  near  the  floor  and 
partly  at  a  liciglit  of  7  or  8  feet  above  it.  They  should  be  made 
of  ample  size,  so  that  there  will  he  freedom  from  draughts.  A  part 
of  the  vents  should  be  placed  in  the  ceiling  and  the  remainder 
near  the  floor.  All  ceiling  vents  botli  in  halls  and  churches  should 
be  provided  with  damj>ers,  having  means  for  holding  them  in  any 
desired  position.  If  indirect  gravity  beaters  are  used,  it  will 
generally  be  necessary  to  place  heating  coils  in  the  vent  flues  for 
use  in  mild  weather ;  but  if  the  fresh  air  is  supplied  by  means  of  a 
fan  there  will  usually  l>e  pressure  enough  in  the  room  to  force  the 
air  out  without  the  aid  of  other  means.     When  the  vent  air  ways 
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are  restricted,  or  the  air  is  impeded  in  any  way,  electric  ventilating 
fans  are  often  used.  These  give  especially  good  results  in  warmer 
weather,  when  natural  ventilation  is  sluggish.  The  temperature 
may  be  regulated  either  by  using  the  double  duct  system  or  by 
shutting  off  or  turning  on  a  gpreater  or  less  number  of  sections  in 
the  main  heater.  After  an  audience  hall  is  once  warmed  and  filled 
with  people,  very  little  heat  is  required  to  keep  it  comfortable,  even 
in  the  coldest  weather.  * 

Theaters.  In  designing  heating  and  ventilating  systems  for 
theaters,  a  wide  experience  and  the  greatest  care  are  necessary  to 
secure  tlie  best  results.  A  theater  consists  of  three  parts:  the 
body  of  the  house,  or  auditorium;  the  stage  and  dressing-rooms; 
and  tlie  foyer,  lobbies,  corridors,  stairways  and  offices.  Theaters 
are  usually  located  in  cities,  and  surrounded  with  other  buildings 
on  two  or  more  sides,  thus  allowing  no  direct  connection  by 
windows  with  the  external  air;  for  this  reason  artificial  means  are 
necessary  for  providing  suitable  ventilation,  and  a  forced  circula- 
tion by  means  of  a  fim  is  the  only  satisfactory  means  of 
accomplLshing  this.  It  is  usually  advisable  to  create  a  slight 
excess  of  pressure  in  the  auditorium,  in  order  that  all  openings 
shall  allow  for  the  discharge  rather  than  the  inward  leakage  of 
air. 

The  general  and  most  approved  method  of  air  distribution  is 
to  knco  it  into  closed  spaces  beneath  the  auditorium  and  balcony 
Hoois,  and  allow  it  to  discharge  upward  through  small  openings 
ainoiiij^  the  seats.  One  of  the  best  methods  is  through  chair-legs 
of  special  latticed  design,  which  are  placed  over  suitable  openings 
ill  the;  lloor;  in  this  way  the  air  is  delivered  to  the  room  in  small 
streams  at  a  low  velocity  without  drafts  or  currents.  The  dis- 
charge* v(»ntilation  shouhl  he  largely  through  ceiling  vents,  and 
this  may  Ix^  assisted  if  necessary  by  the  use  of  ventilating  fans. 
Vent  openings  should  also  be  provided  at  the  rear  of  the  balconies 
either  in  the  wall  or  ceiling,  and  these  should  be  connected  with 
an  exhaust  fan  either  in  the  basement  or  attic,  as  is  most 
eonv(Mnent. 

Tlie  close  S(\'iting  of  the  occupants  produces  a  large  amount 
of  animal  heat,  which  usually  increases  the  temperature  from  6  to 
10  degrees,  or  even  more ;  so  that  in  considering  a  theater  once 
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filled  and  thoroughly  warmed  it  becomes  more  of  a  question  of 
cooling  than  one  of  warming  to  produce  comfort. 

Office  Buildins^s.  This  class  of  buildings  may  be  satisfac- 
torily warmed  by  direct  steam,  hot  water,  or  where  ventilation  is 
desired  by  the  fan  system.  Probably  direct  steam  is  used  more 
frequently  than  any  other  system  for  this  purpose.  Vacuum 
systems  are  well  adapted  to  the  conditions  usually  found  in  this 
type  of  building,  as  most  modern  office  buildings  have  their  own 
light  and  power  plants,  and  the  exhaust  steam  can  be  thus 
utilized  for  heating  purposes.  The  piping  may  be  either  single 
or  double.  If  the  former  is  used  it  is  better  to  carry  a  single 
main  riser  to  the  upper  stoiy  and  run  drops  to  the  basement, 
as  by  this  means  the  flow  of  steam  and  water  are  in  the  same 
direction  and  much  smaller  pipes  can  be  used  than  would  be  tlie 
case  if  risers  were  carried  from  the  basement  upward.  Special 
provision  must  be  made  for  the  expansion  of  the  risers  or  drops  in 
t4ill  buildings.  They  are  usually  anchored  at  the  center  and 
allowed  to  expand  in  both  directions.  The  connections  with  the 
radiatoi-s  must  not  be  so  rigid  as  to  cause  undue  strains  or  lift  the 
radiators  from  the  floor. 

It  is  customary  in  most  cases  to  make  the  connections  with 
the  end  farthest  from  the  riser;  this  gives  a  length  of  horizontal 
pipe  which  has  a  certain  amount  of  spring,  and  will  care  for  any 
vertical  movement  of  the  riser  which  is  hkely  to  occur.  Forced 
hot-water  circulation  is  often  used  in  connection  with  exhaust 
steam.  The  water  is  warmed  by  the  steam  in  large  heaters, 
similar  to  feed-water  heaters,  and  circulated  through  the  system 
by  means  of  centrifugal  pumps.  This  has  the  usual  advantage 
of  hot  water  over  steam,  inasmuch  as  the  temperature  of  the 
radiators  may  be  regulated  to  suit  the  conditions  of  outside 
temperature. 

Apartment  Houses.  These  are  warmed  by  furnaces,  direct 
steam  and  liot  water.  Furnaces  are  more  often  used  in  the  smaller 
houses,  as  they  are  cheaper  to  install,  and  require  a  less  skilful 
attendant  to  operate  them.  Steam  is  probably  used  more  than 
any  other  system  in  blocks  of  larger  size.  A  well-designed  single 
pipe  connection  with  automatic  air  valves  dripped  to  the  base- 
ment is  probably  the  most  satisfactory  in   this  class  of  work. 
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Pciiplfl  who  me  more  or  less  unfamiliar  with  steam  systems  are 
apt  to  overlook  one  of  the  valves  in  shutting  off  or  turning  on 
steam,  and  wtiere  utUy  one  valve  is  used,  the  difficulty  nrisitig  fi-oni 


Fig.  37. 


tills  is  avoidu,!.  Wli.Tt'  i).-t-<i.(k  iiir  valvt's  are  used  they  lire 
tiflcii  li^ft  ii]n-ri  iiiri)U£,'h  iMrrli'ssin'ss,  iiiiil  tW  autouiiUio  vulves, 
unless  drippfil,  art;  lilit-ly  to  givt'  nuire  or  less  trouble. 

Greenhouses  itixl  ronserviitorii-s  an-  lieatt'd  in  some  cases  by 
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8team  and  in  others  by  hot  water,  some  florists  prefemng  one  and 
some  the  other.  Either  system  when  properly  designed  and  coii- 
sti-ucted  s]ionld  give  satisfaction,  although  hot  water  has  its  usual 
advantage  of  a  variable  temperature.  The  methods  of  piping  are 
in  a  general  way  like  those  already  described,  and  the  pipes  may 
be  located  to  run  underneath  the  beds  of  growing  plants  or  above 
as  bottom  or  top  heat  is  desired.  The  main  is  generally  run  near 
the  u[)per  paiii  of  the  greenhouse  and  to  the  furtherest  extremity 
in  one  or  more  branches,  with  a  pitch  upward  from  the  heater  for 
hot  water  and  Avith  a  pitch  downward  for  steam.     The  principal 


Fig.  88. 

radiating  surface  is  made  of  parallel  lines  of  1^  inch,  or  larger, 
pipe,  placed  under  the  benches  and  supplied  by  the  return  current. 
Figs.  37,  38  and  39  show  a  common  method  of  running  the  piping 
in  greenhouse  work.  Fig.  37  shows  a  plan  and  elevation  of  the 
building  with  its  lines  of  pipe,  and  Figs.  88  and  39  give  details  of 
the  pipe  connections  of  the  outer  and  inner  groups  of  pipes 
respectively. 

Any  system  of  piping  which  gives  free  circulation  and  which 
is  adapted  to  the  local  conditions  should  give  satisfactory  results. 
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The  radiating  surface  may  be  computed  from  the  rules  already 
given.  As  the  average  greenhouse  is  composed  almost  entirely 
of  glass  we  may  for  purposes  of  calculation  consider  it  such,  and 
if  we  divide  the  total  exposed  surface  by  4  we  shall  get  practically 
the  same  result  as  if  we  assumed  a  heat  loss  of  85  B.  T.  U.  per 
square  foot  of  surface  per  hour  and  an  eflBciency  of  330  B.  T.  U. 


Fig.  80. 

for  the  lieating  coils;  so  that  we  may  say  in  general  that  the 
square  feet  of  ni(liiiting  surface  required  equals  the  total  exposed 
suiface  divided  by  4  for  steam  coils  and  by  2.5  for  hot  water. 
These  results  should  be  inci-eased  from  10  to  20  per  cent  for  ex- 
posed locations. 

CARE  AND  MANAGEMENT. 

The  care  of  furnaces,  hot-water  heaters  and  steam  boilers  has 
been  discussed  in  connection  with  the  design  of  these  different 
systems  of  hcjiting,  and  need  not  be  repeated.  The  management 
of  tlie  heiiting  and  ventilating  systems  in  large  school  buildings  is 
a  niiitter  of  much  importance,  especially  in  those  using  a  fan 
system;  to  obtain  tlie  best  results  as  much  depends  upon  the  skill 
of  the  operating  engineer  as  upon  that  of  the  designer. 

Beginning  in  the  boiler  room^  he  should  exercise  special  caie 


rC 


tSBBCT-INDIRBCT    SYSTEM    OF    WARMING.    SHOWING   ADJUSTABl.::     DAKPEH. 

.Miivrli'itn  Kiwtltiiiir  ('Ainiiiaiiy. 


<1V' 


HEATING  AND  VENTILATION.  53 

in  the  management  of  his  fires,  and  the  instruction  given  in 
"  Boiler  Accessories  "  should  be  carefully  followed ;  all  flues  and 
smoke  passages  should  be  kept  clear  and  free  from  accumulations 
of  soot  and  ashes  by  means  of  a  brush  or  steam  jet.  Pumps  and 
engine  should  be  kept  clean  and  in  perfect  adjustment,  and  extra 
care  should  be  taken  when  they  are  in  rooms  through  which  the 
air  supply  is  drawn,  or  the  odor  of  oil  will  be  carried  to  the 
rooms.  All  steam  traps  should  be  examined  at  regular  intervals 
to  see  that  they  are  in  working  order,  and  upon  any  sign  of 
trouble  they  should  be  taken  apart  and  carefully  cleaned. 

The  air  valves  on  all  direct  and  indirect  radiators  should  be 
inspected  often,  and  upon  the  failure  of  any  room  to  heat  properly 
the  air  valve  should  first  be  looked  to  as  a  probable  cause  of  the 
difficulty.  Adjusting  dampers  should  be  placed  in  the  base  of 
each  flue,  so  that  the  flow  to  each  room  may  be  regulated  inde- 
pendently. In  starting  up  a  new  plant  the  system  should  be  put 
in  proper  balance  by  a  suitable  adjustment  of  these  dampers,  and 
when  once  adjusted  they  should  be  marked  and  left  in  these 
positions.  The  temperature  of  the  rooms  should  never  be  regu- 
lated by  closing  the  inlet  registers.  These  should  never  be 
touched  unless  tlie  room  is  to  be  unused  for  a  day  or  more. 

In  designing  a  fan  system  provision  sliould  be  made  for  "  air 
rotation"  ;  that  is,  the  arrangement  should  be  such  that  the  same 
air  may  be  taken  from  the  building  and  passed  through  the  fan 
and  heater  continuously.  This  is  usually  accomplished  by  closing 
the  main  vent  flues  and  the  cold-air  inlet  to  the  building,  then 
opening  the  class-room  doors  into  the  corridor  ways,  and  drawing 
the  air  down  the  stairwells  to  the  basement  and  into  the  space 
back  of  the  main  heater  through  doors  provided  for  this  purpose. 
In  warming  up  a  building  in  the  morning  this  should  always  be 
practiced  until  about  fifteen  minutes  before  school  opens.  The 
vent  flues  should  then  be  opened,  doors  into  corridors  closed,  and 
cold-air  inlets  opened  wide,  and  the  full  volume  of  fresh  air  taken 
from  out  of  doors. 

At  night  time  the  dampers  in  the  main  vents  should  be 
closed,  to  prevent  the  warm  air  contjiined  in  the  building  from 
escaping.  The  fresh  air  should  be  delivered  to  the  rooms  at  a 
temperature  of  from  70  to  75  degrees,  and  this  temperature  must 
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be  obtained  by  proper  use  of  tbe  shut-off  valves,  thus  running  a 
greater  or  less  number  of  sections  on  the  main  heater.  A  little 
experience  will  show  the  engineer  how  many  sections  to  carry  for 
different  degrees  of  outside  temperature.  A  dial  thermometer 
sliould  be  placed  in  the  main  warm-air  duct  near  the  fan,  so  that 
the  temperature  of  the  air  delivered  to  the  rooms  can  l)e  easily 
noted. 


Fig.  40. 

The  exhaust  sttiani  from  the  engine  and  pumps  should  be 
turned  into  the  main  heater;  this  will  supply  a  greati^r  number  of 
sections  in  mild  weather  than  in  cold,  owing  to  the  less  ra[)id 
condensation. 

STEAM  FITTINQ. 

In  order  to  design  a  system  intelligently  the  engineer  should 
have  some  knowledge  of  the  methods  of  actual  construction,  the 
tools  used,  etc.  It  is  customary  where  a  piece  of  work  is  to  be 
done  to  send  a  supply  of  pipe  and  fittings  to  the  building  some- 
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Pig.  41. 

what  greater  thiin  is  required,  and  tlie  workman  after  receiving 
tlie  plans  of  eoiistriietion,  wliieh  show  the  location  and  sizes  of  the 
various  pi[)es  to  be  erected,  makes  his  own  measurements,  cuts 
the  pipes  to  the  j)r()per  length  at  the  building,  threads  them  and 
screws  them  into  place. 
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The  tools  belonging  to  this  trade  consist  of  tongs  or  wrenches 
for  screwing  the  pipe  together,  cutters  for  cutting,  taps  and  dies 
for  threading  the  pipe,  and  vises  for  holding  it  in  position  while 
cutting  or  threading.     A  great  variety  of  tongs  and  wrenches  are 


Fig.  42. 

to  be  found  on  the  market.  For  rapid  work  no  tool  is  superior  to 
the  plain  tongs  (shown  in  Fig.  40),  especially  for  the  smaller 
sizes  of  pipe.  The  alligator  wrench  (shown  in  Fig.  41)  is  used 
in  a  similar  manner  on  light  work  and  where  the  pipes  turn  easily. 


Fig.  43. 

For  large  pipe,  chain  tongs  of  some  pattern  are  the  ^)est,  and  maybe 
used  with  little  danger  of  crushing  the  pipe.  (See  Fig.  42.)  A 
form  of  wrench,  known  as  the  Stilson,  one  form  of  which  is  shown 
in  Fig.  43,  is  widely  used.    The  wrenches  or  tongs  which  are  used 


Pig.  44. 

for  turning  the  pipe,  in  most  cases,  exert  more  or  less  lateral 
pressure,  and  if  too  great  strength  is  applied  at  the  handles  there 
18  a  tendency  to  split  the  pipe.  The  cutter  ordinarily  employed 
for  email  pipe  consists  of  one  or  more  sharp-edged  steel  wheels, 


58 


HEATING  AND  VENTILATION. 


Tvliich  lire  liel<l  in  ctn  adjustable  frame  (see  Fig.  44) ;  Uie  cutting 
being  perfoimetl  by  jijiplying  jiressuie  and  revolving  it  around 
the  pt[>e.  A  section  of  one  of  tlie  cutting  Trhei'lrt  is  sbownt  in 
Kig.  45.  With  this  tool  tbe  cutting  is  accomplished  by  simply 
crowding  the  metal  to  one  side, 
and  hence  hmi-s  of  considerable 
size  will  be  formed  on  the  out- 
side and  inside  of  the  pipe. 
Usually  the  outside  burr  must  1 
be  removed  by  fding  Ijtfnre  the 
pipe  can  Iw  thi-eaded.  The  inside 
burr   funns  a  great  obstruction  Fig.  46. 


i 


to  tlie  (low  of  steam  or  wator,  and  sluiulil  in  every  case  be  removed 
by  tlie  use  of  (be  reamer.     'Hicre  are  many  forms  of  reamei^  for 


in  various  ca.ses  ;  one  of  ilit-  simpli-st  is  shown  in  Fig.  46. 
Tlie  ralehi-t  drill  is  another  lnol  often  used,  and  is  especially 
111  in  drilling  liiiles  in  ]iipes  or  tittings  after  the  work  is  in 
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place.  One  of  these  is  shown  in  Fig.  47. 
vise  used  for  holding  the  pipe  while  cut- 
ting and  threading  is  shown  in  Fig.  48. 
The  combination  vise  is  shown  in  Fig.  49. 
The  dies  for  threading  the  i>ipes  are 
usually  of  a  solid  fonn,  each  die  fitting 
into  a  stock  or  holder  witli  handles.  (See 
Fig.  50.)  The  cutting  edges  of  the  dies 
should  be  kept  very  sharp  and  clean,  other- 
wise perfect  threads  cannot  be  cut.  In 
cutting  threads  on  wrought  ii-on  pipe,  oil 
should  always  be  used,  which  will  tend  to 
prevent  heating  and  crumbling,  and  make 
the  work  easier.  In  erecting  jiipe  great 
care  should  be  taken  to  preserve  the  proper 
pitch  and  alignment,  and  to  appear  well 
the  pii)es  (should  be  screwed  together  until 


FiK-  4». 
no   threads  are  in   sight.       Every  joint  should  be  screwed  from 
6  to  8  complete  turns  for  sixes  2  inches  and  under  and   from   8 
to  12  iuTiis  for  tlie  larger  sizes,  otherwise  there  will  be    danger 
of  leak^e. 

In  screwing  pipes  togetliei-,  red  or  white  lead  is  often  iiscd. 
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IL  will  guntii'ally  be  found  that  linseed  or  some  good  lubricating 
oil  wilt  be  eqii;i)l}'  valuable.  If  possible,  the  work  should  be 
aintnged  »o  tlint  it  can  be  made  up  with  right  and  left  couplings 
or  otliLT  fittings. 


Fig.  6a 

Packed  joints,  especially  unions,  are  objectioniible  and  likely 
to  leak  itfltT  use.  Kliiiige-uiiions  witli  copper  gaskets  should  be 
used  on  heavy  work.  Good  workmanship  in  pipe-fitting  is  shown 
by  tlie  iievfectiou  with  wliich  small  details  are  executed,  and  poor 
wnrknifinship  in  any  of  the  particulare  mentioned  ma^  defeat  the 
pei'fect  operation  of  the  best  designed  plant. 
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The  subject  of  mechanical  drawing  is  of  great  interest  and 
importance  to  all  mechanics  and  engineers.  Drawing  is  the 
method  used  to  show  graphically  the  small  details  of  macliinery ; 
it  is  the  language  by  wliich  the  designer  speaks  to  tlie  workman; 
it  is  the  most  graphical  way  to  place  ideas  and  calculations  on 
record.  Working  dm  wings  take  the  place  of  lengthy  explana- 
tions, either  written  or  verbal.  A  brief  inspection  of  an  accurate, 
well-executed  drawing  gives  a  better  idea  of  a  machine  than  a 
large  amount  of  verbal  description.  The  better  and  more  clearly 
a  drawing  is  made,  the  more  intelligently  the  workman  can  com- 
prehend the  ideas  of  tlie  designer.  A  thorough  training  in  this 
important  subject  is  necessary  to  the  success  of  everyone  engaged 
in  mechanical  work.  The  success  of  a  draftsman  depends  to  some 
extent  upon  the  quality  of  his  instruments  and  materials.  Begin- 
ners frequently  purchase  a  cheap  grade  of  instruments.  After 
they  have  become  expert  and  have  learned  to  take  care  of  their 
instruments  they  discard  them  for  those  of  better  construction  and 
finish.  This  plan  has  its  advantages,  but  to  do  the  best  work, 
strong,  well-mada  and  finely  finished  instruments  are  necessary. 

INSTRUilENTS  AND  ilATERIALS. 

Drawing  Paper.  In  selecting  drawing  paper,  the  first  thing 
to  be  considered  is  the  kind  of  paper  most  suitable  for  the  pro- 
posed work.  For  shop  drawings,  a  raanilla  paper  is  frequently 
used,  on  account  of  its  toughness  and  strength,  because  the  draw- 
ing is  likely  to  be  subjected  to  considerable  hard  usage.  If  a 
finished  drawing  is  to  be  made,  the  best  white  drawing  paper 
should  be  obtained,  so  that  the  drawing  will  not  fade  or  become 
discolored  with  age.  A  good  drawing  paper  should  be  strong, 
have  uniform  thickness  and  surface,  should  stretch  evenly,  and 
should  neither  repel  nor  absorb  liquids.  It  should  also  allow  con- 
siderable erasing  without  spoiling  the  surface,  and  it  should  lie 
imooth  when  stretched  or  when  ink  or  colors  are  used.     It  is,  of 
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course,  impossible  to  find  all  of  these  qualities  in  any  one  paper, 
as  for  instance  great  strength,  cannot  be  combined  with  fine 
surface. 

In  selecting  a  drawing  paper  the  kind  should  be  chosen 
which  combines  the  greatest  number  of  these  qualities  for  the 
given  work.  Of  the  better  class  Whatman's  are  considered  by 
far  the  best.  This  paper  is  made  in  three  grades;  the  hot 
pressed  lias  a  smooth  surface  and  is  especially  adapted  for  pencil 
and  veiy  fine  line  drawing,  the  cold  pressed  is  rougher  than 
the  hot  pressed,  has  a  finely  grained  surface  and  is  more  suit- 
able for  water  color  di*awing  ;  the  rough  is  used  for  tinting.  The 
cold  pressed  does  not  take  ink  as  well  as  the  hot  pressed,  but 
erasures  do  not  show  as  much  on  it,  and  it  is  better  for  general 
work.  There  is  but  little  difference  in  the  two  sides  of  Whatman's 
paper,  and  either  can  be  used.  This  paper  comes  in  sheets  of 
stiindard  sizes  as  follows :  — 


Cap, 

13  X  17  inches. 

Elephant, 

23  X  28  inches. 

Demy, 

15  X  20      ** 

Columbia, 

23  X  34     *• 

Medium, 

17  X  22      ** 

Atlas, 

26  X  34     ** 

Royal, 

19  X  24      " 

Double  Elephant, 

27  X  40     *' 

Super-Roya!, 

10X27      ** 

Antiquarian, 

31  X  53      *' 

Imperial, 

22  X  30      " 

Emperor, 

48  X  68     •* 

The  usual  method  of  fastening  paper  to  a  di*awing  board  is  by 
meiins  of  thumb  tacks  or  small  one-ounce  copper  or  iron  tacks. 
In  fasleniug  the  papei*  by  this  method  first  fa.sten  the  upper  left 
hand  corner  and  tlieii  tlie  lower  right  pulling  the  paper  taut.  The 
other  two  corners  are.  then  fastened,  and  suflicient  number  of  tacks 
are  placed  along  the  edges  to  make  the  paper  lie  smoothly.  For 
very  fine  work  tlie  paper  is  usually  stretched  and  glued  to  the 
board.  To  do  this  the  edges  of  the  pai)er  are  first  turned  up  all 
the  way  round,  tlie  margin  being  at  least  one  inch.  The  whole 
surface  of  the  paper  included  between  these  turned  up  edges  is 
then  moistened  by  means  of  a  sponge  or  soft  cloth  and  paste  or 
glue  is  s[)read  on  the  turned  up  edges.  After  removing  all  the 
surplus  water  on  the  paper,  the  edges  are  pressed  down  on  the 
board,  coniiueucing  at  one  corner.  During  this  process  of  laying 
down  the  edges,  tlici  pa[)er  should  be  stretched  slightly  by  pulling 
the  edges  towards  tlie  edges  of  the  drawing  board.  The  drawing 
board  is  then  placed  horizontally  and  left  to  dry.  After  the  {)a])er 
has  become  dry   it  will   he  found  to  be  as  smooth  and  tight  as  a 
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drum  head.     If,  in  stretching,  the  paper  is  stretched  too  much  it 
is  likely  to  split  in  drying.     A  alight  stretch  is  sufficient. 

Drawing  Board.  The  size  of  the  drawing  hourd  depends 
upon  the  size  of  paper.  Many  draftsmen,  however,  have  sevfral 
boards  of  various  sizes,  as  they  are  very  convenient.  The  draw- 
ing board  is  usually  made  of  soft  pine,  which  should  be  well  sea- 
soned and  sttaiglit  grained.  The  grain  should  lun  lengtliwise  of 
the  board,  and  at  the  two  ends  there  should  be  pieces  about  1 1  or 
2  inches  wide  fastened  to  the  board  by  nails  or  screws.  These 
end  pieces  should  be  perfectly  straight  for  accuracy  iu  using  the 
T-square.       Frequently  the   end  pieces  are  fastened  by  a  glued 


DHAWING  BOARD. 

matched  Joint,  nails  and  screws  lieiiig  ;ilso  used.  Two  cleats  on 
the  bottom  extending  the  wliolo  width  of  the  ImjLrd,  will  i-educo 
the  tendency  to  warp,  and  muko  the  board  easier  to  move  as  they 
raise  it  from  the  table. 

Thumb  Tacks.  Thumb  tacks  are  used  for  fasU^ning  the 
paper  to  the  drawing  board.  They  are  usually  made  of  steel 
either  pressed  into  shape,  as  in  the  cheaper  grades,  or  mude  with  a 
head  of  German  silver  with  the  point  Kcrewed  and  riveted  to  it. 
They  are  made  in  various  sizes  and  are  very  convenient  as  they 
can  be  easily  removed  from  the  board.     For  most  work  however, 
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draftsmen  use  small  one-ounce  copper  or  ii*on  tacks,  as  they  can  be 
forced  flush  with  the  drawing  paper,  thus  offering  no  obstruction 
to  the  T-square.  They  also  possess  the  advantage  of  cheapness. 
Pencils.  In  pencilling  a  drawing  the  lines  should  be  very 
fine  and  light.  To  obtain  these  light  lines  a  hard  lead  pencil  must 
be  used.  Lead  i)encils  are  graded  according  to  their  hardness, 
and  are  numlxjred  by  using  the  letter  H.  In  geneml  a  lead  i>encil 
of  5H  (or  HHHIIII)  or  6H  should  be  used.    A  softer  i)encil,  411, 

is  better  for  making  letters,  figures  and 
[yoints.  A  hard  lead  pencil  should  be 
sliarpened  as  shown  in  Fig.  1.  The  wood 
is  cut  away  so  that  about  :f  or  |  inch 
of  lead  projects.  The  lead  can  then  be 
shaipened  to  a  chisel  edge  by  rubbing  it 
against  a  bit  of  sand  pa()er  or  a  fine  file. 
It  should  be  ground  to  a  chisel  edge  and 
the  cornel's  slightly  rounded.  In  making 
tlie  straight  lines  the  chisel  edge  should 
be  used  by  placing  it  against  the  T-squai« 
or  triangle,  and  l)ecause  of  the  chisel  edge 


Fig.  1. 


the  lejid  will  remain  sliarp  much  longer  than  if  shari>ened  to  a  point. 
This  cliisel  edge  enables  the  draftsman  to  draw  a  fine  line  exactly 
throuti^li  a  given  point.  If  tlie  drawing  is  not  to  be  inked,  but  is 
nijido  for  tracing  or  for  rough  usage  in  the  shop,  a  softer  pencil, 
.*)H  or  411,  may  ])e  used,  as  tlio  lines  will  llien  l>e  somewliat  thicker 
and  li(^avier.  Tlie  lead  for  compasses  may  also  be  sharpened  to  :i 
point  altliouo;li  some  draftsmen  prefer  to  use  a  chisel  edge  in  tlie 
coni[)asses  as  well  as  for  tlie  pencil. 

In  nsinj^  a  veiy  hard  lead  pencil,  the  eliisel  edge  will  make  a 
dee[)  depression  in  the  paper  if  much  pressure  is  put  on  the  pencil. 
As  this  depression  cannot  be  erased  it  is  much  better  to  press 
lit^litly  on  the  pencil. 

Erasers.  In  making  drawings,  but  little  erasing  should  be 
necessaiv.  However,  in  case  tliis  is  necessary,  a  soft  rubber 
should  !)«•  used.  In  erasiiitr  a  line*  or  letter,  ii^reat  care  must  l)e 
exercised  or  the  sunoundinir  work  will  also  become  erased.  To 
jU'event  this,  some  draft.smen  cut  a  slit  about  3  inches  long  and 
^  to  I  inch  wide  in  a  card  as  shown  in   Fig.  2.     The  card  is  then 
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placed  over  the  work  and  the  line  erased  without  erasing  the  rest 
of  the  drawing.  An  erasing  shield  of  a  form  similar  to  that  shown 
in  Fig.  3  is  very  convenient,  especially  in  erasing  letters.  It  is 
made  of  tliin  sheet  metal  and  is  clean  and  durahle. 

For  cleaning  drawings,  a  sponge  rubber  may  be  iLsed.     Breatl 
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Fig.  2. 


Fig.  3. 


crumbs  are  also  used  for  this  purpose.  To  clean  the  drawing 
scatter  dry  bread  cruml>8  over  it  and  rub  them  on  the  surface 
with  the  hand. 

T-Square.     The  T-square  consists  of  a  thin   straight  edge 
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called  the  blade,  fastened  to  a  head  at  right  angles  to  it.  It  gets 
its  name  from  the  general  shape.  T-squares  are  made  of  various 
materials,  wood  being  the  most  commonly  used.  Fig.  4  shows  an 
ordinary  form  of  T-square  which  is  adapted  to  most  work.  In 
Fig.  5  is  shown  a  T-square  with  edges  made  of  ebony  or  mahogany, 
as  these  woods  are  much  harder  than  pear  wood  or  maple,  which 
is  generally  used.  The  head  is  formed  so  as  to  fit  against  the  left- 
hand  edge  of  the  drawing  board,  while  the  blade  extends  over  the 
surface.  It  is  desirable  to  have  the  blade  of  the  T-square  form  a 
right  angle  with  the  head,  so  that  the  lines  drawn  with  the  T- 
square  will  be  at  right  angles  to  the  left-hand  edge  of  the  board. 
This,  however,  is  not  absolutely  necessary,  because  the  lines  diiiwu 
with  the  T-6quare  are  always  with  reference  to  one  edge  of  tlif 
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lK)ar(l  only,  and  if  this  edge  of  the  board  is  straight,  the  lines 
drawn  with  the  T-square  will  be  parallel  to  each  other.  The  T- 
squai-e  shouhl  never  l)e  used  except  with  the  left-hand  edge  of  the 
l)oard,  as  it  is  almost  impossible  to  find  a  drawing  bmad  with  the 
edges  parallel  or  at  right  angles  to  each  other. 

The  T-square  with  an  adjustable  head  is  frequently  ver}'  con- 
venient, as  it  is  sometimes  necassary  to  draw  lines  parallel  to  each 
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Fig.  5. 

other  which  are  not  at  light  angles  to  the  left-hand  edge  of  the 
Inward.  This  form  of  T-square  is  similar  to  the  oi'dinary  T-square 
already  descrilnid,  but  thi^  head  is  swivelod  so  that  it  may  1)6 
clamped  at  any  desired  angle.     The  ordinary  T-square  a^  showu 

in  Figs,  4  and  5  is,  how 
ever,    adapted    to    almost 
any  class  of  drawing. 

Fig.  G  shows  the 
method  of  drawing  parallel 
horizon tid  lines  with  tlie 
T-s(juare.  With  the  head 
of  tlie  T-S(}uare  in  contact 
with  the  left-hand  (Ml<;e  of 
tlie  board,  the  lines  mav  he 
drawn  by  nn)viii<i^  the  T-scjium^  to  the  dcsirtMl  position.  In  using  the 
r-s(ju;ir(»  th«'  upjK'i*  cdi^-t*  should  always  1k»  used  for  drawing  as  the 
two  tMli/t's  niMV  not  !)»'  exactly  parallel  and  straigfht,  and  also  it  is 
more  convenient  to  use  tliis  e(l<r(«  wjdi  the  trianufles.  If  it  is  neces- 
>;iiv  to  nse  M  sti-ai'-lit  edi^e  for  triinniini^  drawings  or  cuttincf  the 
paper  frcnn  the  hoard,  the  lower  edi^'e  of  the  T-S(puire  should  1)0 
ased  so  that  llie  np})er  eth^e  may  not  in*  marred. 

For  accurate  work  it  is  absolutely  necessary  that  the  working 
edge  of  the    T-scjuare    should  be  exactly    stmight.     To  test  the 
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stmightness  of  the  edge  of  the  T-square,  two  T-squares  may  be 
placed  together  as  shown  in  Fig.  7.  This  figure  shows  plainly 
that  the  edge  of  one  of  the  T-squares  is  crooked.  This  fact,  how- 
ever, does  not  prove  that  either  one  is  straight,  and  for  this  deter- 
mination a  third  blade  must  be 
used  and  tried  with  the  two 
given  T-squares  successively. 

Trianj^les.  Triangles  are 
made  of  various  substances  such 
as  wood,  rubber,  celluloid  and 
steel.  Wooden  triangles  are 
cheap  but  are  likely  to  warp  and  get  out  of  shape.  The  rubber  tri- 
angles are  frequently  used,  and  are  in  general  satisfactory.  The 
transparent  celluloid  triangle  is,  however,  extensively  used  on  ac- 
count of  its  tmnsparency,  which  enables  the  draftsmen  to  see  the 
work  already  done  even  when  covered  with  the  triangle.  In  using 
a  rubber  or  celluloid  triangle  take  care  that  it  lies  perfectly  Hat  or 


Fig.  7. 


TRIANGLES. 

is  hung  up  when  not  in  use  ;  when  allowed  to  lie  on  the  drawing 
board  with  a  pencil  or  an  eraser  under  one  corner  it  will  become 
wari)ed  in  a  short  time,  especially  if  the  room  is  hot  or  the  sun 
happens  to  strike  the  triangle. 

Triangles  are  made  in  various  sizes,  and  many  draftsmen 
have  several  constantly  on  hand.  A  triangle  from  G  to  8  inches 
on  a  side  will  be  found  convenient  for  most  work,  although  there 
are  many  cases  where  a  small  triangle  measuring  about  4  inches 
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on  a  side  will  be  found  useful.  Two  triangles  are  necessary  for 
every  draftsman,  one  having  two  angles  of  45  degrees  each  and 
one  a  right  angle  ;  and  tlie  otlier  having  one  angle  of  60  degp-ees, 
one  of  30  degrees  and  one  of  90  degrees. 

The  value  of  the  triangle  depends  upon  the  accuracy  of  the 
angles  and  the  straightness  of  the  edges.     To  test  the  accuracy  of 

the  right  angle  of   a    tri* 
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angle,  place  the  triangle 
with  the  lower  edge  rest- 
ing on  the  edge  of  the 
T-square,  as  shown  in 
Fig.  8.  Now  draw  the 
line  C  D,  wliich  should  be 
perpendicular  to  the  edge 
of  the  T-square.  The 
same  triangle  should  then 
be  placed  in  the  i)osition  shown  at  B.  If  the  right  angle  of  the 
triangle  is  exactly  90  degre(»s  the  left-hand  edge  of  the  triangle 
should  (^xactly  coincide  with  the  line  C  D. 

To  test  the  accuraey  of  the  45-<^legree  triangles,  first  test  the 
ri<^ht  anicle  Ukmi  place  the 
trianLrle  willi  tlie  lower 
^x\go  resting  on  the  work- 
ing ed<*'e  of  the  T-scjuare, 
and  draw  tlie  line  E  F  as 
shown  in  Fig.  9.  Now 
without  moving  the  T- 
s(|uare  place  the  triangle 
so  that  the  other  4r)-(l('orree 
angle  is  in  the  })osition 
occupied  by  the  first.  If  the  two  45-degree  angles  coincide  they 
are  accurate. 

Triangles  are  very  convenient  in  drawing  lines  at  right 
angles  to  the  T-square.  The  method  of  doing  this  is  shown  in 
Fig.  10.  Triangles  are  also  used  in  drawing  lines  at  an  angle 
with  the  horizontal,  bv  placinc:  them  on  the  lx)ard  {is  shown  in 
Fig.  11.  Sup[)ose  the  line  E  F  (Fig.  12)  is  drawn  at  any  anjle, 
and  we  wish  to  draw  a  line  through  the  point  P  parallel  to  it. 


Fig.  9. 
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First  place  one  of  the  triangles  as  shown  at  A,  having  one  edge 
coinciding  with  the  given  line.  Now  take  the  other  triangle  and 
place  one  of  its  edges  in  contact  with  the  bottom  edge  of  triangle 
A.  Holding  the  triangle  B  firmly  with  the  left  hand  the  triangle 
A  may  be  slipped  along  to  the  right  or  to  the  left  until  the  edge 
of  the  triangle  reaches  the 
point  P.  The  line  M  N 
may  then  be  dra^vn  along 
the  edge  of  the  triangle 
passing  through  the  point 
P.  In  place  of  the  tri- 
angle B  any  straight  edge 
such  as  a  T-square  may  be 
used, 

A  line  can  be  drawn 
perpendicular  to  another  by  means  of  the  triangles  as  follows. 
Let  E  F  (Fig.  13)  be  the  given  line,  and  suppose  we  wish  to 
draw  a  line  perpendicular  to  E  F  through  the  point  D.  Place 
the   longest   side    of   one    of   the    triangles    so   that  it   coincides 

with  the  line  E  F,  as  the 
triangle  is  shown  in  posi- 
tion at  A.  Place  the  other 
triangle  (or  any  straight 
edge)  in  the  position  of 
the  triangle  as  shown  at 
B,  one  edge  resting  against 
the  edge  of  the  triangle  A. 
Then  holding  B  with  the 
left  hand,  place  the  tri- 
angle A  in  the  position  shown  at  C,  so  that  the  longest  side 
passes  through  the  point  D.  A  line  can  then  l>e  drawn  through 
the  point  D  perpendicular  to  E  F. 

In  previous  figures  we  have  seen  how  lines  may  be  drawn 
making  angles  of  30,  45,  60  and  90  degrees  with  the  horizontal. 
If  it  is  desired  to  draw  lines  forming  angles  of  15  and  75  degrees 
the  triangles  may  be  placed  as  shown  in  Fig.  14. 

In  using  the  triangles  and  T-square  almost  any  line  may  be 
drawn.     Suppose  we  wish  to  di-aw  a  recUingle  having  one  side 


Fig.  11. 
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horizontal.  First  place  the  Tnsquare  as  shown  in  Fig,  15.  By 
moving  the  T-square  up  or  down,  the  sides  A  B  and  D  C  may  be 
drawn,  because  they  are  horizontal  and  parallel.  Now  place  one 
of  the  triangles  resting  on  the  T-square  as  shown  at  E,  and  hav- 
ing the  left-hand  edge  passing  through  the  point  D.     The  vertical 


Fig.  12. 


Fig.  13. 


line  D  A  may  be  drawn,  and  by  sliding  the  triangle  along  the  edge 
of  the  T-square  to  the  position  F  the  line  B  C  may  be  drawn  by 
using  the  same  edge.  These  positions  are  shown  dotted  in  Fig.  15. 
If  the  rectangle  is  to  be  placed  in  some  other  position  on  the 
drawing  board,  as  shown  in  Fig.  16,  place  the  45-degree  triangle 

F  so  that  one  edge  is 
parallel  to  or  coincides 
^vith  the  side  D  C.  Now 
holding  the  triangle  F  in 
position  place  the  triangle 
H  so  that  its  upper  edge 
coincides  with  the  lower 
edge  of  the  triangle  F. 
By  holding  H  in  position 
and  sliding  the  triangle  F 
along  its  upper  edge,  the  sides  A  B  and  D  C  may  be  drawn. 
To  draw  the  sides  A  D  and  B  C  the  triangle  should  be  used  as 
shown  at  E. 

Compasses.  Compasses  are  used  for  drawing  circles  and 
arcs  of  circles.  They  are  made  of  various  materials  and  in  various 
sizes.  The  cheaper  class  of  instruments  are  made  of  brass,  but 
they  are  unsatisfactory  on  account  of  the  odor  and  the  tendency 
to  tarnish.     The  best  material  is  German  silver.     It  does  not  soil 
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readily,  it  has  no  odor,  and  is  easy  to  keep  clean.  Aluminum  in- 
struments possess  the  advantage  of  lightness,  but  on  account  of 
the  soft  metal  they  do  not  wear  well. 

The  compasses  are  made  in  the  form  shown  in  Figs.  17  and 
18.  Pencil  and  pen  points  are  provided,  as  sh(>wn  in  Fig.  17. 
Either  pen  or  pencil  may  be  inserted  in  one  leg  by  means  of  a 
shank  and    socket.      The 


other  leg  is  fitted  with  a 
needle  point  which  is 
placed  at  the  center  of  the 
circle.  In  most  instru- 
ments the  needle  point  is 
separate,  and  is  made  of  a 
piece  of  round  steel  wire 
having  a  square  shoulder 
at  one  or  both  ends.     Be- 


K 


\ 

[^- 


'0s 


c 


L 


Fig.  15. 


low  this  shoulder  the  needle  point  projects.  The  needle  is 
made  in  this  form  so  that  the  hole  in  the  paper  may  be  very 
minute. 

In  some  instruments  lock  nuts  are  used  to   hold   the  joint 
firmly  in  position.     These  lock  nuts  are  thin  discs  of  steel,  with 

notches  for  using  a  wrench  or 
forked  key.  Fig.  19  shows  the 
detail  of  the  joint  of  high  grade 
instruments.  Both  legs  are  alike 
at  the  joint,  and  two  pivoted 
screws  are  inserted  in  the  yoke. 
This  permits  ample  movement 
of  the  legs,  and  at  the  same 
PI     j^^  time    gives    the    proper    stiff- 

ness. The  flat  surface  of  one  of 
the  legs  is  faced  with  steel,  the  other  being  of  German  silver, 
in  order  that  the  rubbing  parts  may  be  of  different  metals.  Small 
set  screws  are  used  to  prevent  the  pivoted  screws  from  turning 
in  the  yoke.  The  contact  surfaces  of  this  joint  are  made  cir- 
cular to  exclude  dust  and  dirt  and  to  prevent  rusting  of  the 
steel  face. 

Figs*  20,  21,  and  22  show  the  detail  of  the  socket;  in  some 
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instruments  the  shank  and  socket  are  pentagonal,  as  shown  in 
Fig.  20.  The  sliank  entei-s  the  socket  loosely,  and  is  held  in  place 
by  means  of  the  screw.  Unless  used  very  carefully  this  arrange- 
ment is  not  durable  because  the  sharp  cornei-s  soon  wear,  and  the 
pressure  on  the  set  screw  is  not  sufficient  to  hold  the  shank  firmly 
in  place. 

In  Fig.  21  is  shown  another  form  of  shank.  This  is  round, 
having  a  flat  top.  A  set  screw  is  also  used  to  hold  this  in  posi- 
tion.    A  still  better  form  of  socket  is  shown  in  Fig.  22 ;  the  hole 
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Fig.  18. 


is  made  tapered  juid  is  circrlar.  The  sliank  fits  accurately,  and 
is  held  in  i)erfecl  alif^nmeiit  by  a  small  steel  key.  The  clamping 
screw  is  plaeed  upon  tlie  side,  and  keeps  the  two  portions  of  the 
split  socket  toi»-(^ther. 

Fit^^s.  17  and  18  show  tliat  both  legs  of  the  compasses  are 
jointed  in  order  that  the  lower  part  of  the  legs  may  be  perpen- 
(henlar  to  the  paper  while  drawing  circles.  In  this  way  the 
needle  point  makes  but  a  small  hole  in  the  paper,  and  both  nibs  of 
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the  pen  will  press  equally  on  the  paper.  In  pencilling  circles  ii 
is  not  as  necessary  that  the  pencil  should  be  kept  vertical ;  it  is  a 
good  plan,  however,  to  learn  to  use  them  in  this  way  both  in  pen- 
cilling and  inking.  The  com- 
passes should  be  held  loosely  be- 
tween the  thumb  and  forefinger. 
If  the  needle  point  is  sharp,  as 
it  should  be,  only  a  slight  pres- 
sure will  be  required  to  keep  it 
in  place.  While  drawing  the 
circle,  incline  the  compasses 
slightly  in  the  direction  of 
revolution  and  press  lightly  on 
the  pencil  or  pen. 

In  removing  the  pencil  or 
pen,    it    should  be   pulled    out  *'*K-  1^- 

straight.  If  bent  from  side  to  side  the  socket  will  become  en- 
larged and  the  shank  worn ;  this  will  render  the  instrument  inac- 
curate. For  drawing  large  circles  the  lengthening  bar  shown  in 
Fig.  17  should  be   used.     When  using  the  lengthening  bar  the 
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Fig.  20. 


Fig.  21. 
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needle   point  should  be   steadied  with    one  hand  and  the  circle 
described  with  the  other. 

Dividers.  Dividers,  shown  in  Fig.  23,  are  made  similar  to  the 
compasses.  They  are  used  for  laying  off  distiinces  on  the  draw- 
ing, either  from  scales  or  from  other  parts  of  the  drawing.     They 

m^  may  also  be  used  for  dividing  a  line 
■  rj  into  equal  parts.  When  dividing  a 
line  into  equal  parts  the  dividers 
should  be  turned  in  the  opposite  direc- 
tion each  time,  so  that  the  moving  point  passes  alternately  to 
the  right  and  to  the  left.  The  instrument  can  then  be  operated 
readily  with  one  hand.  The  points  of  the  dividers  should  be 
very  sharp  so  that  the  holes  made  in  the  paper  will  be  small 
If  large  holes  are  made  in  the  paper,  and  the  distances  betweer 


Fig.  22. 
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the  points  ai*e  not  exact,  accurate  spacing  cannot  be  done 
Sometimes  the  eompiusses  ai-e  furnished  with  ateel  divider  points 
in  iiddition  to  the  pen  and  pencil  points.  The  compasses  may 
then  l)e  used  either  as  dividers  or  as  compasses.  Many  di-afts- 
men  use  a  needle  point  in  place  of  dividers  for  making  measure- 
ments from  a  scale.  The  eye  end  of  a  needle  is  first  broken  off 
and  the  needle  then  forced  into  a  small  handle  made  of  a  round 
l)iece  of  soft  pine.  This  instrument  is  very  convenient 
for  indicating  the  intersection  of  lines  and  marking  off 
distances. 

Bow  Pen  and  Bow  Pencil.  Ordinary  large  compasses 
are  too  heavy  to  use  in  making  small  circles,  fillets,  etc 
The  leverage  of  the  long  leg  is  so  great  that  it  is  very 
difficult  to  draw  small  circles  accurately.  For  this  reason 
the  bow  compasses  shown  in  Figs.  24  and  25  should  be 
used  on  all  arcs  and  circles  having  a  radius  of  less  than 
three-quarters  inch.  The  bow  compasses  are  also  con- 
venient for  duplicating  small  circles  such  as  those  which 
Cg  represent  boiler  tubes,  bolt  holes,  etc.,  since  there  is  no' 
Jl  tendency  to  slip. 

The    needle   point   must  be  adjusted   to   the   same 
length  as  the  pen  or  pencil  point  if  very  small  circles  are 
to  be  drawn.     The  adjustment  for  altering  the  radius  of 
the  circle  can  be  made  by  turning  the  nut.     If  the  change 
in  radius  is  considerable  the  points  should  be  pressed  to- 
gether to  remove  the  pressure  from    the  nut  which  can 
^.     „o    then  be  turned  in  eitlier  direction  with  but  little  wear  on 
the  threads. 
Fig.  26  shows  another  bow  instrument  which  is  fi-equently 
used  in  small  work  in  [)lace  of  the  dividers.     It  has  the  advantage 
of  retaining  the  adjustment. 

Drawing:  Pen.  For  drawing  straight  lines  and  curves  that 
are  not  arcs  of  circles,  the  line  pen  (sometimes  called  the  ruhng 
j)en)  is  used.  It  consists  of  two  blades  of  steel  fastened  to  a 
handle  as  shown  in  Fig.  27.  The  distance  between  the  pen  points 
can  be  adjusted  by  tlie  thumb  screw,  thus  regulating  tlie  width  of 
line  to  be  drawn.  The  blades  are  given  a  slight  curvature  so  that 
there  will  be  a  cavity  for  ink  when  the  points  are  close  together. 
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The  pen  may  be  filled  by  means  of  a  common  steel  pen  or 
with  the  quill  which  is  provided  with  some  liquid  inks.  The  pen 
should  not  be  dipped  in  the  ink  because  it  will  then  be  necessary 
to  wipe  the  outside  of  the  blades  before  use.  The  ink  should 
fill  the  pen  to  a  height  of  about  ^  or  |  inch ;  if  too  much  ink  is 
placed  in  the  pen  it  is  likely  to  drop  out  and  spoil  the  drawing. 
Upon  finishing  the  work  the  pen  should  be  carefully  wiped  with 


Fig.  24. 


F\g.  25. 


Fig.  26. 


chamois  or  a  soft  cloth,  because  most  liquid  inks  corrode  the  steel. 
In  using  the  pen,  care  should  be  taken  that  both  blades  bear 
equally  on  the  paper.  If  the  points  do  not  bear  equally  the  line 
will  be  ragged.  If  both  points  touch,  and  the  pen  is  in  good 
condition  the  line  will  be  smooth.  The  pen  is  usually  inclined 
slightly  in  the  direction  in  which  the  line  is  drawn.     The  pen 


Fig.  27. 

should  totuih  the  triangle  or  T-square  which  serve  as  guides,  but 
it  should  not  be  pressed  against  them  because  the  lines  will  then 
be  uneven.  The  points  of  the  pen  should  be  close  to  the  edge  of 
the  mangle  or  T-square,  but  should  not  touch  it. 

To    Sharpen  the  Drawing  Pen.       After  the  pen  has  been 
used  for  some  time  Uie  points  become  worn,  and  it  is  impossible 
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to  make  smooth  lines.  This  is  especially  true  if  rough  paper  is 
used.  The  pen  can  be  put  in  proper  condition  by  sharpening  it. 
To  do  this  take  a  small,  flat,  close-grained  oil-stone.  The  blades 
should  fii-st  be  screwed  together,  and  the  points  of  the  pen  can  be 
given  the  proper  shape  by  drawing  the  pen  back  and  forth  over 
the  stone  changing  the  inclination  so  that  the  shape  of  the  ends 
will  be  i)ardbolic.  This  process  dulls  the  points  but  gives  them 
the  2)i*oper  shape,  and  makes  them  of  the  same  length. 

To  sharpen  the  pen,  separate  the  points  slightly  and  rub  one 
of  them  on  the  oil-stone.  While  doing  this  keep  the  pen  at  an 
angle  of  from  10  to  15  degrees  with  the  face  of  the  stone,  and 
give  it  a  slight  twisting  movement.  This  part  of  the  operation 
requires  great  care  as  the  shape  of  the  ends  must  not  be  altei-ed. 
After  the  pen  point  has  become  fairly  sharp  the  other  point 
should  be  ground  in  the  same  manner.  All  the  grinding  should 
be  done  on  the  outside  of  the  blades.  The  burr  should  be 
removed  from  the  inside  of  the  blades  by  using  a  piece  of  leather 
or  a  piece  of  pine  wood. 

Ink  should  now  be  placed  between  the  blades  and  the  pen 
tried.  The  pen  should  make  a  smooth  line  whether  fine  or 
heavy,  but  if  it  does  not  the  grinding  must  be  continued  and  the 
pen  tried  frequently. 

Ink.  India  ink  is  always  used  for  drawing  as  it  makes  a 
permanent  black  line.  It  nuiy  he,  purchased  in  solid  stick  form 
or  as  a  liquid.  The  liquid  form  is  very  convenient  as  much  time 
is  saved,  and  all  the  lines  will  be  of  the  same  color;  the  acid  in 
the  ink,  however,  corrodes  steel  and  makes  it  necessary  to  keep 
the  pen  jxirfectly  clean. 

Some  draftsmen  prefer  to  use  the  India  ink  which  comes  in 
stick  form.  To  prei)are  it  for  use,  a  little  water  should  be  placed 
in  a  saiuier  and  one  end  of  the  stick  placed  in  it.  The  ink  is 
ground  by  giving  it  a  twisting  movement.  When  the  water  has 
become  black  und  slightly  thickened,  it  should  he  tried.  A 
heavy  line  should  be  made  on  a  sheet  of  paper  and  allowed  to 
dry.  If  the  line  has  a  grayish  appeai*ance,  more  grinding  is 
necessary.  After  ihe  ink  is  thick  enough  to  make  a  good  .black 
line,  the  grinding  should  cease,  because  very  thick  ink  will  not 
flow  freely  from  the  pen.     If,  however,  the  ink  has  become  too 
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thick,  it  may  be  diluted  with  water.  After  using,  the  stick 
should  be  wiped  dry  to  prevent  crumbling.  It  is  well  to  grind 
the  ink  in  small  quantities  as  it  does  not  dissolve  readily  if  it  has 
once  become  dry.  If  the  ink  is  kept  covered  it  will  keep  for  two 
or  three  days. 

Scales.  Scales  are  used  for  obtaining  the  various  meiisure- 
ments  on  drawings.  They  are  made  in  several  forms,  the  most 
convenient  being  the  flat  with  beveled  edges  and  the  triangular. 
The  scale  is  usually  a  little  over  12  inches  long  and  is  graduated 
for  a  distance  of  12  inches.  The  triangular  scale  shown  in  Fig. 
28  has  six  surfaces  for  graduations,  thus  allowing  many  gradua- 
tions on  the  same  scale.     ' 

The  graduations  on  the  scales  are  arranged  so  that  the 
dmwingj^  may  be  made  in  any  proportion  to  the  actual  size.  For 
mechanical  work,   the  common   divisions  are    multiples  of   two. 


Fig.  28. 

Thus  we  make  drawings  full  size,  half  size,  |,  ^,  -^^g,  g^,  ^,  etc. 
If  a  drawing  is  ^  size,  3  inches  equals  1  foot,  hence  3  inches  is 
divided  into  12  equal  parts  and  each  division  represents  one  inch. 
If  the  smallest  division  on  a  scale  represents  J^  inch,  the  scale  is 
said  to  read  to  -^^  inch. 

Scales  are  often  divided  into  -^^^  -^j^,  ^^^,  ^^^,  etc.,  for  archi- 
tects, civil  engineers,  and  for  measuring  on  indicator  cards. 

The  scale  should  never  be  used  for  drawing  lines  in  place  of 
triangles  or  T-square. 

Protractor.  The  protractor  is  an  instrument  used  for  laying 
off  and  measuring  angles.  It  is  made  of  steel,  brass,  horn  and 
paper.  If  made  of  metal  the  central  portion  is  cut  out  as  shown 
in  Fig.  29,  so  that  the  draftsman  can  see  the  drawing.  The 
outer  edge  is  divided  into  degrees  and  tenths  of  degrees.  Some- 
times the  graduations  are  very  fine.  In  using  a  protractor  a  very 
shaip  hard  pencil  should  be  used  so  that  the  lines  will  be  fine 
and  accurate. 

The  protractor  should  be  placed  so  that  the  given  line  (  pro- 
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duced  if  necessary )  coincides  with  the  two  O  marks.  The 
center  of  the  circle  being  placed  at  the  point  through  which  the 
desired  line  is  t<^  l)e  drawn.  The  division  can  then  be  marked 
with  the  pencil  point  or  needle  point. 

Irrej^ular  Curve,     One  of  the  conveniences  of  a  draftsman's 


Fig.  29. 

outfit  is  the  French  or  irregular  curve.  It  is  made  of  wood, 
hard  riihlKM*  or  celluloid,  the  last  named  material  being  the  best. 
It  is  made  in  various   shapes,  two  of   the  most   common   being 


Fig.  ;{0. 

shown  m  Fii^^.  o^K  This  instrument  is  used  for  drawing  curved 
other  tlum  :u(  ^  of  circles,  and  both  pencil  and  line  pen  can  l>t* 
used. 

To  dijiw  llie  curve,  a  sciics  of  piunts  is  first  located  and 
then  the  (Mirvc;  drawn  passing  through  them  by  using  the  part  of 
the   iiregulai   euive    that  ])asses  through  several  of    them.     The 
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curve  is  shifted  for  this  work  from  one  position  to  another.  It 
frequently  facilitates  the  work  and  improves  its  appearance  to 
draw  a  free  hand  pencil  curve  through  the  points  and  then  use  the 
irregular  curve,  taking  care  that  it  always  fits  at  least  three  points. 
In  inking  the  curve,  the  blades  of   the  pen  must    be  kept 


Fig.  31. 

tangent   to  the  curve,  thus  necessitating  a  continual    cliange  of 
direction. 

Beam  Compasses.  The  ordinary  compasses  are  not  large 
enough  to  draw  circles  having  a  diameter  greater  than  about  8  or 
10  inches.  A  convenient  instrument  for  larger  circles  is  found 
in  the  beam  compasses  shown  in  Fig.  31.  The  two  parts  called 
channels  carrying  the  pen  or  pencil  and  the  needle  point  are 
clamped  to  a  wooden  beam ;  the  distance  between  them  being 
equal  to  the  radius  of  the  circle.  Accurate  adjustment  is  obtained 
by  means  of  a  thumb  nut  underneath  one  of  the  channel  pieces. 

PLATES. 

Plates  I,  II  and  III  are  provided  to  give  practice  in  the  use 
of  the  drawing  instruments.  Drawing  paper  at  least  11  inches  by 
15  inches  should  be  used  to  allow  border  lines  10  inches  by  14 
inches.  First,  draw  carefully  in  pencil  and  then  ink  in.  Especial 
care  should  be  taken  as  to  quality  and  width  of  line,  intersections, 
and  the  ioinincr  of  curved  and  straight  lines. 

These  are  followed  by  examples  for  lettering.  Plate  IV  should 
be  drawn  first  in  pencil  and  then  in  ink. 
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PROJECTIONS. 

Orthos^raphic  Projection  is  the  art  of  representing  an  object 
apon  two  planes,  at  right  angles  to  each  other,  by  lines  drawn 
from  all  points  on  the  edges  or  contour  perpendicular  to  these 
planes.  The  intersections  of  the  perpendiculars  with  the  planes 
give  figures  which  are  called  projections  of  the  object. 

The  two  planes  are  called  planes  of  projection^  or  coardinate 
planes,  one  being  veiiiical  and  the  other  horizontal,  as  shown  in 
Fig.  1.  These  planes  are  sometimes  designated  V  and  H  respec- 
tively. The  intersection  of  V  and  H  is  known  as  the  ground  line, 
or  G  L.     If  a  in  Fig.  1 

is  a  point  in  space,  and  V 

a  perpendicular  is  drawn 
to  the  vertical  plane,  the 
point  a^  will  be  the  pro- 
jection of  the  point  on 
the  vertical  plane,  ond 
in  a  similar  way  a'^  will 
be  the  projection  of  a 
on  the  horizontal  plane. 
The  line  B  has  its  ver- 
tical projection  at  B'', 
and  its  horizontal  pro- 
jection at  B'^.     Instead 

of  horizontal  projection  and  vertical  projection,  the  terms  plan 
and  elevation  are  commonly  used.  It  will  be  seen  from  the 
figure  that  the  plan  of  a  point  or  line  is  directly  underneath  on 
the  H  plane,  and  the  elevation  directly  behind  on  the  V  plane. 

Suppose  in  Fig.  2  a  cube  one  inch  on  a  side  be  placed  with 
the  top  horizontal  and  the  front  face  parallel  to  the  vertical  plane. 
Then  the  plan  will  be  a  one-inch  square,  and  the  elevation  also  a 
one-inch  square.  In  general  the  plan  is  a  representation  of  the 
top  of  the  object,  and  the  elevation  a  view  of  the  front.  The  plan 
then  is  a  top  view,  and  the  elevation  a  front  view.     Since  the 
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Suppose  in  Fig.  5,  that  it  is  desired  to  construct  the  pn> 
jections  of  a  prism  1|-  in.  square,  and  2  in.  long,  standing  on  one 
end  on  the  liorizontal  plane,  two  of  its  faces  being  parallel  to  the 
vertical  plane.  In  the  first  place,  as  the  top  end  of  the  prism  is  a 
square,  the  top  view  or  plan  will  be  a  square  of  the  same  size, 
that  is,  1^  in.  Then  since  the  prism  is  placed  parallel  to  and  in 
front  of  the  vertical  plane  the  plan,  IJ  in.  square,  will  have  two 
edges  parallel  to  the  ground  line.     As  the  front  face  of  the  prism 
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Pig.  6. 


is  parallel  to  the  vertical  plane  its  projection  on  V  will  be  a  rect- 
angle, ecjual  ill  length  and  width  to  the  length  and  width  respec- 
tively of  the  prism,  and  as  the  prism  stands  with  its  base  on  II, 
the  elevation,  showing  height  above  H,  must  have  its  base  on  the 
ground  line.  Observe  carefully  that  points  in  elevation  are  verti- 
cally over  coiresj)onding  points  in  plan. 

The  second  drawing  in  Fig.  5  represents  a  prism  of  the  same 
size  lying  on  one  side  on  tlie.  liorizontal  plane,  and  \vith  the  en'^^^ 
parallel  to  V. 

The  principles  which  have  Unm  used  thus  far  may  be  stated 
as  follows,  — 
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plan  gives  the  width  or  thickness,  |  in.     Notice  that  the  length  of 
the  plan   is  greater  than  2  in.   and   that   varying  the  angle  at 
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Fig.  13. 


which  the  prfpiu  is  slanted  would  change  the  length  of  the  plan. 
Now  if  the  prism  bo  turned  around  through  any  angle  with  the 
vertical  plane,  th(»  lower  edge  still  being  on  H,  and  the  inclination 


n-.  M. 
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of  no^  with  II  rtMiKiiiiin'^^  llit*  s;nnt*,  tlu'  plan  must  remain  the  same 
sizo  ami  sliajx'. 

If  the  aii<^le  tlirougli  wliidi  tlio  prism  be  turned  is  45®,  we 
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have  the  second  plan,  exactly  the  same  shape  and  size  as  the  first 
The  elevation  is  found  by  projecting  the  corners  of  the  prism  vei> 


FJg.  16. 

tioally  up  to  the  heights  of  the  same  points  in  tlie  first  elevation. 
All  the  other  points  are  found  in  the  same  way  as  point  No.  1. 

A  B 


Fiff.  17. 

Three  positions  of  a  rectangular  prism  are  shown  in  Fig.  17. 
In  the  first  view,  the  prism  stands  on  itA  base,  its  axis  therefore 
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is  parallel  to  the  vertical  plane.  In  the  second  position,  the  axis  is 
still  parallel  to  V  and  one  corner  of  the  base  is  on  the  horizontal 
plane.  The  prism  has  been  turned  ivs  if  on  the  line  l'^  I''  as  an 
axis,  so  that  the  inclination  of  all  the  faces  of  the  prism  to  the 
vertical  plane  remains  the  same  as  before.  That  is,  if  in  the  first 
figure  the  side  A  B  C  D  makes  an  angle  of  30**  with  the  vertical, 
the  same  side  in  the  second  position  still  makes  30^  with  the  ve^ 


Fiff.  18. 

tical  plane.  Hence  the  elevation  of  No.  2  is  the  same  sliape  and  size 
as  ill  tlie  first  case.  The  plan  is  found  by  projecting  the  corners 
down  from  tlie  ek'vation  to  meet  horizontal  lines  projected  across 
from  the  corresponding  points  in  the  fii"8t  plan.  The  third  posi- 
tion sliows  the  prism  witli  all  its  faces  and  edges  making  the  same 
angles  with  tlie  horizontal  as  in  the  second  position,  but  with  the 
plan  at  a  difFerent  angle  with  the  ground  line.  The  plan  then  is 
the  same  sha[)c  and  size  as  in  No.  2,  and  the  elevation  is  found  by 
projecting  up  to  the  same  heigh'ts  as  shown  in  the  preceeding 
elevation.  This  principle  may  be  applied  to  any  solid,  whether 
bounded  by  plane  smfaces  or  curved. 

Tills  ])rineiple  as  far  as  it  relates  to  heights,  is  the  same  that 
was  used  for  pro(il(^  views.  An  end  view  is  sometimes  iiecessar}* 
])efon»  the  plan  or  eh'vatiou  of  an  object  can  be  dniwn.  Suppose 
that  in  Fig.  18  we  wisli  to  draw  the  plan  and  elevation  of  a  tri- 
angular prism  -i"  long,  the  end  of  which  is  an  equilateral  triangle 
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Fig.  19. 


l^*'  on  each  side.     The  prism  is  lying  on  one  of  its  three  faces  on 
H,  and  inclined  toward  the  vertical  plane  at  an  angle  of  30^.    We 

are  able  to  draw  the  plan  at 
once,  because  the  width  will  be 
1^  inches,  and  the  top  edge  will 
be  projected  half  way  between 
the  other  two.  The  length  of 
the  prism  will  also  be  shown. 
Before  we  can  draw  the  elevation, 
we  must  find  the  height  of  the 
top  edge.  This  height,  however, 
must  be  equal  to  the  altitude  of 
the  triangle  forming  the  end  of 
the  prism .  All  that  is  necessary, 
then,  is  to  construct  an  equilat- 
eral triangle  1^^  on  each  side,  and  measure  its  altitude. 

A  very  convenient  way  to  do  this  is  shown  in  the  figure  by 
laying  one  end  of  the  prism  down  on  H.  A  similar  construction 
is  shown  in  Fig.  19,  but  with  one  face  of  the  prism  on  V  instead 
of  on  H. 

In  all  the  work  thus  far  the  plan  has  been  drawn  below  and 
the  elevation  above.  This  order  is  sometimes  inverted  and  the 
plan  put  above  the  elevation. 

PLATES. 

PLATE  V. 

The  plates  of  this  paper  should  be  laid  out  the  same  size  as 
the  plates  in  Part  I.  The  center  lines  and  borderlines  should  also 
be  drawn  as  shown. 

First  draw  two  ground  lines  across  the  sheet,  3  inches  below 
the  upper  border  line  and  3  inches  above  the  lower  border  line. 
The  first  problem  on  each  ground  line  is  to  be  placed  1  inch  from 
the  left  border  line  and  spaces  of  about  1  inch  should  be  left 
between  the  figures. 

Isolated  points  are  indicated  by  a  small  cross  x,  and  projec- 
tions of  lines  are  to  be  drawn  full  unless  invisible.  All  construc- 
tion lines  should  be  fine  dotted  lines.  Given  and  required  lines 
shouM  be  drawn  full. 
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Problems  on  upper  ground  line; 

PROBLEM  1.  Locate  both  projections  of  a  point  on  the 
horizontal  plane  1  inch  from  the  vertical  plane. 

PROBLEM  2.  Draw  the  projections  of  a  line  2  inches 
long  which  is  parallel  to  the  vertical  plane  and  makes  an  angle  of 
45  degrees  with  the  horizontal  and  slants  upward  to  the  right. 

The  line  should  bo  1  inch  from  the  vertical  plane  and  the 
lower  end  J  inch  alx)ve  the  horizontal. 

PROBLEM  3.  Draw  the  projections  of  a  line  \\  inches 
long,  which  is  parallel  to  lx)th  planes  1  inch  above  the  horizontal 
and  I  inch  from  the  vertical. 

PROBLEM  4.  Draw  the  plan  and  elevation  of  a  line  2 
inches  long  wliich  is  parallel  to  H  and  makes  an  angle  of  80 
degrees  with  V.  Let  the  right-hand  end  of  the  line  he  the  end 
nearer  V,  \  inch  from  V.     The  line  to  be  1  inch  above  H. 

PROBLEM  5,  Draw  the  plan  and  elevation  of  a  line  \\ 
inches  long  whi'ih  is  perpendicular  to  the  horizontal  plane  and  1 
inch  from  the  vertical.     Tlie  lower  end  of  line  is  \  inch  above  H. 

PROBLEM  fi.  Draw  the  projections  of  a  line  1  inch  long 
which  is  perpendicular  to  the  vertical  plane  and  IJ  inch  al)ove  the 
horizontal.  The  end  of  the  line  nearer  V,  or  the  back  end,  is 
i  inch  from  V. 

PROBLEil  7.  Draw  two  projections  which  shall  represent 
a  line  ol)lique  to  both  planes. 

No  IE  :  Leave  1  inch  bi^tween  this  figure  and  the  right-hand 
border  line. 

Problems  on  lower  ground  line* 

PROBLEM  8.  Draw  tlie  projections  of  two  parallel  lines 
eacli  \),  inclies  long.  The  lines  are  to  be  parallel  to  the  verticil 
plane  and  make  angles  of  GO  degrees  with  the  horizontal.  The 
lower  end  of  each  line  is  J  inch  above  H.  The  right-hand  end  of 
the  right-hand  line  is  to  l)e  2^  inches  from  the  left-hand  margin. 

PROBLEM  0.  Draw  the  projections  of  two  parallel  lines 
each  2  inches  lon^-.  Both  lines  to  be  parallel  to  the  horizontal 
and  niak(?  an  anj^^le  of  30  dci^rees  with  the  vertical.  Tlie  lower 
line  to  1)(^  J|  incli  above  IT  and  one  end  of  one  line  to  l)e  agjiinst  V. 

PRO!>LKM  10.  Draw  ilie  projections  of  two  intersecting 
lines.     One  2  inches  long  to  bo  parallel  to  both  planes  1  inch 
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above  H  and  J  i"ch  from  the  vertical,  and  the  other  to  be  oblique 
to  both  planed  and  of  any  desired  length. 

PROBLEM  11.  Draw  plan  and  elevation  of  a  prism  1  inch 
square  and  1^  inches  long.  The  prism  to  have  one  side  on  the 
horizontal  plane  and  the  long  edges  perpendicular  to  V.  The 
back  end  of  the  prism  is  ^  inch  from  the  vertical  plane. 

PROBLEM  12.  Draw  plan  and  elevation  of  a  prism  the 
same  size  as  given  above,  but  with  the  long  edges  parallel  to  both 
planes,  the  lower  face  of  prism  parallel  to  H  and  ^  inch  above  it. 
The  back  face  to  be  ^  inch  from  V. 

PLATE  VI. 

The  ground  line  is  to  be  in  the  middle  of  the  sheet,  and  the 
location  and  dimensions  of  the  figures  are  to  be  as  given.  The 
first  figure  shows  a  rectangular  block  with  a  rectangular  hole  cut 
through  from  front  to  back.  The  other  two  figures  represent  the 
same  block  in  different  positions.  The  second  figure  is  the  end  or 
profile  projection  of  the  block.  The  same  face  is  on  H  in  all 
three  positions.  Be  careful  not  to  omit  the  shade  lines,  and  tr^ 
to  Bee  why  each  one  is  put  on. 

PLATE  VII. 

Three  ground  lines  are  to  be  used  on  this  plato,  two  at  the 
left,  4^"  long  and  3"  from  top  and  bottom  nuirgin  lines,  and  one 
at  the  right,  half  way  between  the  top  and  bottom  margins,  9 J*' 
long. 

The  figures  1,  2,  3  and  4  are  examples  for  finding  the  true 
lengtlis  of  the  lines.  Begin  No.  1  |^  from  the  l)ord(M-,  the  vertical 
projection  1^"  long,  one  end  on  tlie  ground  lin(»,  and  inclined  at 
30°.  The  horizontal  projection  has  one  end  y^  from  V  and  the 
other  l^*^  from  V.  Find  tlic  true  length  of  the  line  by  complet- 
ing the  construction  commenced  by  swinging  the  arc,  as  shown  in 
the  figure. 

Locate  the  left-hand  end  of  No.  2  3''  from  the  border,  I*' 
above  H  and  |''  from  V.  Extend  the  vertical  proj(*ction  to  the 
ground  line  at  an  angle  of  45°,  and  make  the  horizontal  projection 
at  30°.  Complete  the  construction  for  true  length  as  commenced 
(n  the  fi^rure. 
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In  figures  3  and  4  the  true  lengths  are  to  be  found  by  com* 
pleting  the  revolutions  indicated.     The  left-hand  end  of  Fig.  3  is 
I*'  from  tlie  margin,  l^''  from  V  and  ll*'  above  H.     The  horizon 
tal  projection  makes  an  angle  of  60^  and  extends  to  the  ground 
line,  and  the  vertical  projection  is  inclined  at  45**. 

The  fourth  figure  is  3*'  from  the  border  and  represents  a  line 
in  a  profile  plane  connecting  points  a  and  J.  a  is  l^*'  above  H 
and  ^"  from  V,  and  b  is  ^^  above  H  and  1^^  from  V. 

The  figures  for  the  middle  ground  line  represent  a  pentagonal 
pyramid  in  three  positions.  The  first  position  is  the  pyramid  with 
the  axis  vertical  and  base  ^^  above  the  horizontal.  The  height 
of  pjrramid  is  2^*^  and  the  diameter  of  the  circle  circumscribed 
about  the  base  is  2^^.  The  center  of  the  circle  is  6"  from  the 
left  margin  and  1|''  from  V.     Spaces  t>etween  figures  to  be  |'. 

In  the  second  figui*e  the  pyramid  has  been  revolved  about  the 
right-hand  corner  of  the  base  as  an  axis  through  an  angle  of  15^. 
The  axis  of  the  pyramid,  shown  dotted,  is  therefore  at  75**.  The 
method  of  obtaining  75®  and  15**  with  the  triangles  was  shown  in 
Part  I.  From  the  way  in  which  the  pyramid  lias  been  revolved, 
all  angles  with  Y  must  remain  the  same  as  in  the  first  position, 
hence  the  vertical  projection  will  be  the  same  shape  and  size  as 
before.  The  points  on  the  plan  are  found  on  T-square  lines 
through  the  cornei-s  of  the  first  plan  and  directly  beneath  the 
points  in  elevation.  In  the  third  position  the  pyi-amid  has  been 
swung  around  about  a  vertical  line  through  the  apex  as  axis 
through  30°.  The  angle  with  the  horizontal  plane  remains  the 
same,  consequently  the  plan  is  the  same  size  and  shape  as  in  the 
second  position,  but  at  a  different  angle  with  the  ground  line. 
Heights  of  all  points  of  the  pyramid  have  not  changed  this  time, 
and  hence  are  projected  across  from  the  second  elevation. 
Shade  lines  are  to  be  put  on  between  the  light  and  daik  surfaces 
as  deterniint^d  by  the  45°  triangle. 
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MECHAISflC AL  DRAWDSia 

PART  III. 


WORKING  DRAWINQS^ 

In  Mechanical  Drawing  Parts  I  and  II,  inBtromenta  and 
materials  are  described  and  some  hints  given  regarding  the  use  of 
compasses,  Ime  pen,  triangles,  T-square,  etc.  In  addition,  the  gen- 
eral principles  upon  which  all  Mechanical  Drawing  depends,  are 
explained.  After  completing  this  work  the  student  should  be  able 
to  draw  neatly  and  accurately  and  apply  the  fundamental  principles. 

Let  us  now  take  up  the  subject  of  working  drawings  and  see 
how  the  principles  of  orthographic  projection  are  made  of  practical 
use.  We  shall  see,  as  we  go  on,  that  to  a  great  extent  the  theoreti- 
cal principles  already  learned  in  the  study  of  projections  are  used 
in  practical  working  shop  drawings.  Kevertheless,  there  are  cer- 
tain instances  in  which  actual  practice  differs  slightly  from  the 
theory. 

We  shall  also  find  that  all  draftsmen  do  not  follow  the  same 
customs  in  the  matter  of  minor  details,  but  that  in  many  cases 
there  are  several  ways  of  representing  objects,  all  of  which  may  be 
equally  correct,  one  draftsman  using  one  method  either  because  he 
prefers  it  or  because  it  best  serves  the  purpose  for  which  his  par- 
ticular work  is  being  done,  while  another  draftsman  uses  a  differ- 
ent method.  The  more  important  principles  and  customs,  however, 
are  pretty  well  established. 

A  study  of  the  subject  of  working  drawings  should,  first, 
teach  us  the  methods  of  the  best  drafting  rooms;  second,  should 
train  our  judgment  to  decide  how  best  to  represent  the  particular 
object  which  we  have  to  draw;  third,  should  train  our  hand  and 
eye  to  make  a  clear,  neat  and  well -executed  drawing,  without 
annecessary  expenditure  of  time. 

I>efinition  of  Working  Drawing.  A  working  drawing  of  any 
object  is  a  drawing  which  completely  describes  the  object  in  every 
particular,  showing  its  form,  size,  material,  finish,  and  all  other 
details,  so  that  a  workman  may  take  the  drawing  and  without  any 
further  instructions  make  the  object  exactly  as  the  draftsman  in- 
tended it  to  be  made.  The  drawing  is,  therefore,  a  sort  of  lan- 
guage, by  which  the  man  who  designs  the  object  describes  it  to  the 
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man  who  is  to  make  it.  Fig.  1  showa  the  working  drawing  of  a 
bell  crank  lever.  The  drawing  itself  showa  the  shape  and  the 
dimenBions  show  the  size. 

Aside  from  dra'^ings  of  buildings,  etc.,  that  is  Architectaral 
drawings,  the  greater  part  of  the  working  drawings  which  are 
made  are  for  machines,  and  we  will  considt^r  chiedy  the  latter,  or, 
as  they  are  called,  machine  drawings.  Theeo  drawings  are  almost 
always  orthographic  jjrojections,  as  this  is  by  far  the  easiest  and 
best  way  to  represent  a  machine  or  a  part  of  a  machine.     Some* 


it  i; 


:]i'sin-d  to  yivn  a  sort  of  binl's-eyo  view  <if  a 
iiiictric  or  an  obliqiii*  jirojuction  is  made,  but  this 


iuf'thdd  iiivohi's  so  iiiik-!i  hibor  tluit  it  in  scMom  used. 

Lines.  In  onloi-  to  luakd  iv  driiwiTig  jicrfectly  clear,  and  to 
avoid  coiifusiiijf  onu  line  witli  uiiuthi-r,  diiTerent  kinds  of  lines  are 
used  for  dilTt-rfiit  jjiirjio^fs.  Fig.  2  shows  the  six  most  common 
kinds  iis.'d.  Till-  onlii.jirv/"//  //„.«  ar,-  iiswl  lo  rt-pre^-iit  visible 
liii^of  tlie  object  wbi<-b  1>  b,.ii,.r  drawn. 
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The  invisible  lines  are  used  to  represent  lines  of  the  object 
which  would  be  hidden  from  sight  if  a  person  looked  in  the  direc- 
tion in  which  he  imagines  himself  to  be  looking  while  he  is 
drawing  it. 

The  use  of  the  sJiade  lines  will  be  explained  later. 

Center  lines  are  used  to  connect  diflEeient  views  of  an  object, 
the  line  being  drawn  through  the  center  of  the  piece  and  extend- 
ing through  both  views.  Locations  of  holes  are  usually  shown  by 
having  two  center  lines  drawn  at  right  angles  to  each  other 
through  their  centers,  and  the  position  of  these  center  lines  located. 
Wherever  a  dimension  is  to  be  given  to  the  center  of  a  piece  a 
center  line  is  drawn  through  the  piece  and  the  dimension  given 
to  this  line. 


PULL  LINKS 


•-     INVISIBLE  LINB8 


BHADK   LINKS 


CENTER  LINKS 


^ DIMENSION  LINKS 


EXTENSION   LINKS 


FiK.    2. 

Extension  lines  are  sometimes  used  to  connect  two  views  of  a 
piece,  but,  wherever  it  is  possible  to  use  a  center  line,  instead,  the 
latter  is  preferable.  The  princii)al  use  of  extension  lines  is,  as  the 
name  implies,  to  extend  the  lines  of  the  object  so  iis  to  give 
dimensions  between  them. 

Dimension  lines  are  used  in  giving  dimensions  from  one  line 
or  point  to  another. 

The  ordinary  lines  and  the  invisible  lines  should  be  made  of 
the  same  width;  the  shade  lines  should  l)e  made  considerably 
heavier,  and  the  center  lines,  extension  lines  and  dimension  lines 
should  be  lighter. 

Location  of  Views.  In  our  preceding  stu<ly  of  projections 
we   imagined  our  object  to  be  held  in  the  angle  formed   by  two 
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planes  which  intellect  .it  right  angles,  the  planes  and  the  object 
being  su^ipofiPti  to  be  in  the  position  represented  in  Fig.  3,  tlie 
horizonttil  plane  H  being 
below  tlie  object,  and  the 
vertical  plane  V  being  I>e- 
side  the  object.  We  then 
projected  down  to  the 
horizontal  plane  ami  repre- 
sented there  the  object  as 
it  would  appear  if  seen 
squarely  in  the  direction 
indicated  by  arrow  A.  We 
next  projected  into  tht 
vertical  plane,  and  repre- 
sented the  object  as  it 
would  apiwar  if  the  line  of  vision  took  the  direction  of  the  arrow 
B.     Onr  planes,  with  the  horizontsil  and  vertical  projections  of  the 


object  on  them,  when  hiid  out  flat,  ii 
actually  draw  on  it,  would  a^jpear 
as  in  Fig.  4,  the  horizonttd  projec- 
tion, or  tup  view,  tifiiilj  underneath 
the  vi.-rticid  project ioti,  or  side 
view.  This  is  tlie  practice  fol- 
lowed by  snn](Mlr;iftsni.'n  ill  i.iilk- 
iiif,'  wi>rkiii>^  di;iwiiigs.  Jliiny  of 
th.-  U'st  (Iraft^nioii.liowfVfr,  think 
tJiiit  it  is  imL  iiM  clear  anil  cnnvcri- 
ient  111  li;ive  tlic  t<ip  view  .if  tlic 
.ihject  uiiiIciiuMiIi  ll.c  si.i,.  \icu. 
Imt  that  it  is   lutt.'i-  \-'  li.iv<:  th.- 


s  sheet  of  pa[)er  is  when 


lew    of   till' 


"I' 


liow   liie  otiicr 
V.  it  is  hi'coni- 


toin  til 


■ct  to  th.-  piece  which  i.- 
il  j.Iaiie  beiiijr  above  Iht 
iiliji-el.  They  then  draw 
■ars    when    looking    at    i 


MECHANICAL     DRAWING. 


through  the  transparent  pl&ne  in  tlie  direction  indicated  by  arrow 
C,  and  on  the  V  plane  the  object  bs  it  appears  when  looking  in 
direction  of  arrow  D.  Now,  when  the  two  planes  are  laid  out 
flat,  the  top  view  is  above 
the  side  view,  as  in  Fig.  f>. 
Anotlier  way  of  show- 
ing this  ia  to  suppose  the 
object  to  be  located  in  a 
transparent  box,  and  that 
we  look  at  it  from  the  top 
and  the  various  sides  of 
the  box,  and  draw  on  these 
sides  the  object  as  it  ap- 
pears  fromtliatside.  Then, 
if  the  sides  of  the  box  are 
laid  out  flat,  the  side  view 
will  come  in  the  middle,  with  the  top  view  above,  tlie  view  of 
the  Iwttom  underneath,  the  view  of  tlie  righHiand  side  on  the 
right,  and  the  view  of  the  leftrhand 
side  on  the  left. 

From  now  on,  in  our  work  on 
drawing,  we  shall  follow  this 
rule. 

Cross-sections.      Very   often 

it  occui'S  thata  piece  is  hollow  and 

the  inside  construction  is  more  or 

less  complicat<>d,  so  tliat  if  in  the 

drawing  the  ontside  view  is  shown, 

with  the   invisible  interior  drawn 

in   dotted  lines,  the  latter  are  so 

confused  that  the  drawing  is  not 

easily  underetood.     For  this  reason 

it  is  often   convenient  to  imagine 

the  piece  to  be  cut  open,  and  t« 

draw    it   as   if   we    were   looking  directly  at  the  inside.     Such 

a  drawing  of  a  piece  is  called  a  cros-s-section  of  the  piece.     The 

material    which  must  be   cut  if   tlie    object  were  actually  split 


p 


^ 


oi^i 


:  then  croBuhatched,  different  kinds  of  crostiliHtcli 


„g 


]ci>:hav:«  XL    i*Awix«i. 


a-"-   :  -r    : 


iii_r  :»  sr-i;<»ei  r: 


■L-a_-i.      J-jf. 


f^nc?  ii«  lii)d$  of  cna- 


]<-ij.  uii  ■>-Jt-T-e>:iL  ^  I  BBjJe  piece  with  ft 
i  J*  it.-jr  iibr-T^  iz.  zht  tMTttioiD  by  doited 
L  zii-z.  iz:i  k  .T.iiv-itc^a  <•{  iLe  SAmc  pie(.-e. 
;r  irt-wT  ic-  if  *■■*  WW*  Iftftldsg  in  the  same 
rTTksic  :■:  Fir.  *.  ba:  in  Fig.  9  the  front 
^  :'::7  twkj  »33  w*  »;<?  Ixtfciiig  ai  the  inside 
1  :b>]  eren   on   a  pieee  as 


-],:, 


..;  ■■    r.--;-   >}.  -w::,  the  shape  of  the  interior  is  much 

■■.-     :■  ■ •':. .n   than   IiMm   the  tirleTation,  iuul  on  a 

,-.■  1   ;:■■■•  ::.--  -.rnirf  will  1^  true  to  a  gi-eater  extent. 

':•■':■  ■■..-  ill  iniml  thiit  onlinanly  in  inakin<;  a  cross- 
..'.V  ;,.■■  lihly  iliOMf  p.trts  iif  the  object  whidi  lie  in 
.:■.;,!,  ;:  i-  -uj>i .1    C  U-  .-nt.  l.iit  also  all  which  lie 

S(itiit-tjrii-'>  il  i-  iliisiraliii-  t"  sliow  tlie  inside  anil  the  outside 
I  |o-i  ,■  i.ti  liii'  >iiiiii-  vii-w.  Fiy.  10  shows  tlie  same  piece  as  in 
-.  i.iii  in  Fi'_'  10  th.-  l.-ft-liand  half  of  the  lower  view  is  an 
.-.iiinii  Hii'l  ilii:  liiiiit-liaitd  half  is  !i  (.TOss-section,  the  section  ami 
i-h'vaii'Jii  i-aih  i-xti-ndinjj  to  thi;  center  and  benig  sej)anited  bj' 
'litiT  lini'.  This  is  as  if  (iiie-<piiii-ter  of  it  were  cut  away,  the 
i  Uiin"  Tiiadi?  iiliiiii,'  the  lines  V  A  and  C  B  of  the  plan  view. 
Of  coiiiBc  ihis  combination  of  an  elevation  and  cross-section 
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can  be  used  only  when  the  right-hand  and  left-hand  halves  of  the 
piece  are  alike. 

Shade  Lines.  In  order  to  make  drawings  easier  to  read,  and 
to  make  the  parts  of  the  object  stand  out  more  clearly,  shade  lines 
are  often  put  on  the  drawing.  The  general  principle  which 
determines  what  lines  shall  be  shade  lines  is  the  same  as  that 
which  governs  shade  lines  already  studied  under  the  subject  of 
projections.  If,  however,  this  theoretical  principle  were  to  be 
followed  out  exactly  on  drawings  of  machines,  and  other  compli- 
cated drawings,  it  would  involve  a  great  deal  of  time  and  labor. 


r 


>■-+--!, 


Fig.    8. 


Pig.    9 


Consequently,  most  draftsmen  place  shade  lines  on  all  lines  which 
represent  lower  and  right-hand  edges  if  these  edges  are  sharp. 
The  contour  lines  of  cylinders,  cones  and  other  rounded  sur- 
faces should  not  be  shade  lines,  although  some  draftsmen  shade  them. 
If  the  cylinder  is  drawn  in  cross-section,  however,  the  edge  should 
be  shaded,  as  the  intersection  of  the  plane  and  cylindrical  surface 

is  a  sharp  edge. 

All  views  are  shaded  alike,  and  both  are  shaded  as  though 
they  were  elevations.     The  ray  of  light  is  supposed  to  come  ovei 
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the  left  shoulder  of  the  draftsman,  as  he  faces  the  paper,  at  such 
an  angle  that  the  projection  of  the  ray  of  light  on  the  drawing 
pajK^r  is  ill  the  direction  of  the  arrow  in  Fig.  11. 


_J ^.^ 


Fig.  10. 


Fig.  11. 


Figs.  11  to  IH  show  some  of  the  most  common  shapes  met 
with  in  drawings,  jind  illustrat(i  how  the  shade  lines  are  placed  on 
eiuh.     Fig.  11  is  an  elevation,  plan,  and  side  view  of  a  rectangular 


Fig.  12. 


Fig.  13. 


prism  with  a  smaller  one  resting  on  top  of  it.  Fig.  12  is  a  plan 
and  side  view  of  a  rectangular  prism  with  a  rectanguhir  hole 
through  it.  It  is  to  be  noticed  that  the  shade  lines  come  on  the 
upper  and  left-hand  sides  of  the  hole,  since  tliese  lines  are  the 
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lower  and  right-hand  edges  of  the  material  which  surrounds 
the  hole.  Fig.  13  is  a  plan  and  side  view  of  a  rectangular  prism 
with  one  corner  rounded,  and  with  a  cylinder  resting  on  it.  Here 
the  lines  A  B  and  C  D  are  not  shaded,  since  they  are  the  contour 
lines  of  curved  surfaces.  In  the  plan 
view,  the  lower  right-hand  part  of  the 
circle,  between  X  and  Y,  is  shaded. 
To  find  these  points  X  and  Y,  draw  two 
lines  tangent  to  the  circle  and  making 
an  angle  of  45^  with  the  T-square  line 
as  shown  by  the  arrows ;  X  and  Y  are 
the  points  where  the  arrows  are  tangent 
to  the  circle.  Fig.  14  is  a  plan,  eleva- 
tion and  cross-section  of  a  cylinder. 
Here,  in  the  plan,  the  larger  circle  is  shaded  on  the  lower  side, 
and  the  circle  which  represents  the  hole  is  shaded  on  the  upper 
side.  The  points  where  the  shade  begins  are  determined  as  ex- 
plained for  Fig.  13.     The  lines  M  N  and  O  P  are  shaded  since. 


Fig.  14. 


Fig.  15. 


Fig.  16. 


as  the  cylinder  is  supposed  to  be  cut  open,  these  lines  now  repre- 
sent sharp  edges.  Fig.  15  is  a  plan,  elevation  and  side  view  of  a 
hexagonal  prism  with  its  long  diameter  parallel  to  the  bottom  of 
the  paper.  Fig.  16  is  the  same  except  that  here  the  short  diametei 
of  the  prism  is  parallel  to  the  bottom  of  the  paper.  Fig.  17  is  a 
plan  and  end  view  of  a  rectangular  block  with  a  wide  slot  of  the 
shape  H IJ  K  M  L  O  N,  cut  through  it  lengthwise.  The  main 
point  to  which  attention  should  be  called  here   is  that  the  line 
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<^  iJ  :t^  bliifi*:-!.  jdiLongii  iLe  fek*i  nnght  be  bo  dee^  l^ijii  liie  liirlii 

".1]»  ::j:«:i*-a  ::i  lijr  t-jd-e  ^  if  w  G  H  L  Fig.  l^  is  a  cniBiHSficticai  and 
e-'j'i  -vl^rw  *..f  51  uTt/'jlaiT  cvliiid+T  with  m  lau^  bole  erbendiug  pan 
•ttiiY  thr.»ugii  a.'-'i  a  tinaiier  L<»Ie  eit/eDding  iLe  rert  of  liie  iriT. 
T-S*r  J^•JLti]i  cii"  ]*r  in  iL*r  eud  view  is^  ^baded,  jJibougb  5t  is  bc»  far  Id 
\iikiX  :^'j  ].g'!-t  fy.'u'A  ^l^Lke  it- 

lljff  fctudfrM  should  JstDdj  the§^  fifrm^es  carefallT,  sitd  liefcw 


c- 


£ 


e 


P*- 


rig.  1 


leavinjj  them  sliouM  understand  wliat  each  figure  means  and  how 
tlj<5  t<hinh'  lines  are  detennined,  so  that  when  he  meets  similar 
forms  in  luji^liin*^  drawinirs  lie  niav  know  where  the  shade  lines 
bjjoiild  }'*'  i^Ia^wl. 

Dimensions.      In  giving  the  distance  from  one  line  to  another, 
a  diruen^ion   liiM?  i>  <lra\vn   iKHween  the  two  lines  and  arrowheads 


...■*. 


Fig.  18. 


are  placed  at  each  end  of  the  dimension  line ;  the  points  of  the 
arrowheads  being  ex(t<^flt/  on  the  lines  to  which  the  measurement 
is  being  given.  At  a  convenient  place  between  the  arrowheads  a 
Bpoce  '    '  '"  in  the  dimension  line  for  the  figure. 

a  plan  and  elevation  of  a  rectangular  piece  with  a 
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cylinder  on  the  center  of  its  upper  surface,  and  with  four  holes 

through  it ;  the  holes  being  symmetrically  located  with  respect  to 

the  center  line  of  the  piece ;  that  is,  the  holes  A  and  B  are  just  as 

far  shove  the  center  line  E  F  as  C  and  D  are  below  it,  and  the 

holes  B  and  D  are  just  as  far  to  the  right  of  the  center  line  G  H 

as  A  and  C  are  to  the  left  of  it.     The  fact  that  the  cylinder  is  on 

the  center  of  the  rectangular  piece  is    shown  by  the  lines  E  F 

and    G  H  being  drawn 

through    the    center   of 

the   circle    in  the   plan 

view,  these  lines  being 

the  center  lines  both  of 

the  cylinder  and  of  the 

rectangular    piece.       If 

the   cylinder   were    not 

on  the  center,  two  other 

center   lines    would   be 

drawn  through  the  circle 

and  the  dimensions 

given    from    each    of 

these  lines  to  the  center 

lines  of  the  rectangular 

piece,  or  to  the  edges  of 

the    piece.       The     fact 

that  the  holes  are  sym- 

metrically  located  is  V|oo 

shown    by    the    dimen-      I 

sions   being    given     be-      *- 

tween    the    center  lines 

of    the    holes    and    no 

dimensions  being  given  from  these  center  lines  to  the  center  lines 

of  the  piece. 

Fig.  20  shows  how  the  piece  might  be  dimensioned  if  the 
cylinder  were  not  on  the  center  of  the  rectjingular  piece  and  tlie 
holes  were  not  symmetrically  located  with  respect  to  the  center 
of  the  rectangular  piece. 

If  the  centers  of  a  set  of  holes  are  so  located  that  a  circle  can 
be  drawn  through  them,  w<e  always  locate  the  holes  by  drawing  a 


Fig.  19. 


8M 
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!itc  jst  Iizfi-  «ir!>  ifcr^mgL  ifeir  centm  mud  giTing  the  diameter  of 
^->  '.LTTil-t.  ^ZjI  li  zjj  c<ijtT  diIDe2^ioD  than  this  is  given  for  tlie 
1  •i:kZJ:c.  :■:  zzfz  l»:'le*w  ::  2*  lLIMien^t«L<Hi  that  they  are  equally  spaced 
kr  *zzji  ihi-  :ir:L*-  Fir.  3.  illustrates  this-  If  the  holes  are  not 
■*'.  iikll-  fcfci^i  Ar»:4:r.»i  il-e  circle,  ihev  mav  be  located  as  shown  in 

iKkr  »^:^^^s  of  circlesi.  azid  of  arcs  of  circles  which  are  greater 
::^kn  ir-=L:-?ir:l-rt5w  si»aii  fce  given  lather  than  radii,  but  if  the  arc 
ir.lc  1^  le^  than  a  semiciicle,  its  radius  should  be  given. 

^  Fig.  23  shows  how  this 


•.  ■. 


^2 


I 
I 


should  be  done  when 
the  radius  is  large 
enough  to  permit ;  but 
if  the  radius  is  small, 
or  the  dimensions  would 
interfere  with  other 
parts  of  the  drawing,  it 
may  be  done  as  in 
Fig.  24. 

In  Fig.  23  a  small 
circle  is  drawn  (free 
hand)  around  the  center 
about  which  the  arc  is 
drawTi,  and  a  dimension 
line  carried  from  the 
edge  of  this  circle  to  the 
arc ;  an  arrowhead  Ixnug 
placed  on  the  arc,  and 
the  figures  placed  in  the 
dimension  line  in  the 
usual  way.  In  this  cii^^e 
it  is  not  necessary  to  j)ut 
the  letter  K  (abbreviation  for  radius)  after  the  dimension.  In 
the.  two  methods  shown  in  Fig.  24  the  R  should  be  placed  after 
the  figures. 

In  putting  dimensioiLs  on  a  drawing,  the  figures  should  be 
placed  to  read  from  only  two  sides  of  the  paper,  usually  from  th(» 
bottom  for  dimension  lines  which  are  horizontal,  as  the  2J'  dimen- 


1^10 


Fig.  20. 


4M 


MECHANICAL     DRAWING. 


1^ 


Bion  in  Fig.  20,  and  from  tbe  right  hand  for  dimension  lines  which 
are  vertical,  as  the  2^'  dtmensiGn  in  the  same  figure.  Dimensions 
Bhonld  never   be  placed  on  center  lines  if  it  can  be   avoided. 

If  a  dimensioit  is  given  in  one  view  of  an  object,  the  same 
dimension  need  not  be  repeated  in  the  other  views. 

In   putting  on   fractions  it   la   Ijt-tter  to  have  the  line  wliicli 


0 
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©,, 
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Fig.  21. 

Pig.  22. 
divides  the  numerator  and  denominator  of  the  fraction  extend  in 
the  same  direction  as  the  dimension  line  rather  Uian  at  an  angle: 
that  is,  the  fraction  would  appear  thus,  J,  rather  than  ^/j. 

Finished  Surfaces.     Since  a  working  drawing  is  not  only  to 


</ 
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Fig.  23.  Fig.  24. 

sliow  the  BiiajH)  and  size  of  ilio  oltjet;t  wliich  it  represents,  hnl  ih 
to  describe  it  completely,  it  is  essential  tiiat  there  should  be  some 
means  of  distinguishing  between  the  surfaces  of  tlie  object  which 
are  to  be  left  rough  as  they  come  from  the  forgo  or  from  the 
foundry,  and  the  snrfacea  which  are  to  be  finishetl.     Any  surface 
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which  has  been  smoothed  off  in  a  lathe,  planer,  or  any  machine 
tool,  or  has  been  filed  or  scraped,  is  called  a  finished  surface,  and 
is  indicated  on  a  drawing  by  a  letter  placed  on  the  edge  view  of 
this  surface.  In  Fig.  19  the  whole  of  the  cylindrical  part  is 
finished,  also  the  top  of  the  rectangular  part.  The  holes  are  also 
finished.  The  student  should  notice  carefully  how  the  finish 
marks  are  used  to  indicate  this  fact. 

If  a  piece  is  to  be  finished  all  over,  it  should  be  marked  "/ 
all  over.'*  If  it  is  desired  to  specify  what  kind  of  finish  is  to  be 
put  on  a  surface,  that  is,  whether  rough  turned,  smooth  turned, 
filed,  scraped,  etc.,  a  note  may  be  made  to  that  effect. 

On  some  conspicuous  place  on  the  drawing  the  words  "/ 
means  finish"  should  be  printed,  so  that  there  maybe  no  mis- 
understanding on  the  part  of  a  person  examining  the  drawing. 

Material.  The  material  of  which  the  piece  is  to  be  made 
should  be  indicated  plainly.  If  any  part  of  the  drawing  is  a 
cross-section,  the  Crosshatch ing  might  show  the  material,  provided 
that  in  some  conspicuous  part  of  the  drawing  a  sample  of  the 
crosshatching  is  shown  and  the  material  which  it  represents  is 
stated.  It  is  better,  however,  to  mark  on  or  near  each  piece,  in 
plain  letters,  the  material  of  which  it  is  to  be  made. 

Conventional  Methods.  In  drafting,  as  in  many  other  kinds 
of  work,  all  unnecessjiry  labor  should  bo  avoided.  The  drawing 
should  give  tlio  instructions  clearly,  but  need  not  be  so  elaborate 
as  to  recjuire  unnecessary  time  in  the  execution.  It  frecjuently 
ha})})ens  that  if  an  exact  drawing  were  made  representing  every 
line  of  the  object,  a  great  deal  of  time  would  be  required.  Accord- 
ing!;! V?  if  there  is  any  way  of  representing  an  object  by  a  few  lines 
onlv,  without  sacriiicin({  clearness,  it  should  be  used.  There  are 
many  details  such  as  screw  threads,  springs,  bolts,  etc.,  which  occur 
so  fre(juently  on  nearly  all  drawin(i"s  that  easy  methods  of  repre- 
sentation have  been  universally  adopted.  In  some  cases,  these 
ways  of  representing  objects  are  a])j)roximationsof  the  exa(*t  draw- 
intrs  and  in  other  cases  thev  are  not.  Such  methods  are  called 
conventional  methods,  or  conventions.  For  some  details  there  is 
more  than  one  convention,  but  the  same  convention  should  not  be 
used  for  two  different  things,  nor  should  several  objects  of  the 
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Bsme  kind  on  the  same  drawing  be  represented  conTentionallj  by 
two  different  metliodB. 

Screw  Threads.  The  exact  drawing  of  screw  threads  is  a  ditti- 
ciilt  part  of  mechanical  drawing,  hut  enough  attention  willlwgiviMi 
it  here  to  enable  the  student  to  make  a  simple  working  drawinir 
which  inclndes  threads.  The  common  conventional  way  of  draw, 
iiig  a  thread  is  shown  in  Figs.  25,  20  and  27,  Fig.  25  being  a 
single  right-hand  thread,  and  Fig.  20  a  double  right-hand  thread. 


f  EB 


HKC 


Fig.  25. 


Fig.  26. 


First,  the  plain  cylindrical  piece  ABCD  is  drawn  as  if  there  were 
no  threads  upon  it.  The  thread  is  then  indicated  by  the  lines  EC, 
FII,  etc.,  with  the  shorter  and  heavier  lines  between.  The  lighter 
lines  are  all  parallel  and  the  same  distance  apart.  This  distance  ia 
not  necessarily  the  same  as  the  actnal  pitch  of  the  thread  on  the 
screw  itself,  bnt  is  usually  -j'j-  inch  or  J  inch  on  drawings  of  com- 
mon sizes  of  bolts.  The  heavy  lines  are  parallel  to  the  lighter 
ones  and  midway  between  them.  The  angle 
which  the  lines  make  with  the  center  line  of 
the  screw  depends  on  the  distance  apart  of 
the  lines,  the  slant  being  snch  that  fur  a 
single  thread,  Fig.  23,  a  line  perpendicular 
to  the  center  line  through  one  end  of  one  of 
the  lighter  lines,  as  E,  will  strike  the  oppo- 
site contour  of  the  screw  DC,  at  a  point  K,  '^'  ' 
which  is  half  way  between  C  and  H.  To  dpaw  the  lines  so  that 
they  will  have  this  slant,  choose  the  distance  FE,  which  is  to  rep- 
resent the  pitch,  and  space  it  off  on  either  of  the  contour  lines, 
as  AB,  starting  anywhere  (in  the  figure  the  etarting  point  E  tn 
one-half  of  the  distance  FE  away  from  B).     Next,  draw  Eli  ])er- 
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pendicniar  to  the  center  line,  thas  finding  point  E,  and  start  the 
spacing  on  the  contour  CD  at  a  distance  either  side  of  E  equal 
to  4  FE. 

The  lighter  lines  can  thus  be  drawn  and  the  heavy  lines  put 
in  parallel  and  half  way  between.  The  heavy  lines  should  be  a 
little  shorter  than  the  others,  and,  for  the  sake  of  neatness,  all 
should  be  of  the  same  length.  The  double  thread,  Fig.  26,  is 
drawn  similarly  to  the  single  thread,  except  that  the  slant  is  such 
that  the  perpendicular  through  E  will  pass  through  H* 

After  a  little  practice  the  student  can  draw  the  threads  in  this 
way  with  his  triangles,  getting  the  proper  slant  and  the  angle 
spacing  by  eye,  without  the  necessity  of  measuring;  he  should 
practice  with  this  end  in  view,  for  threads  occur  so  frequently  on 
drawings  that  the  draftsman  must  be  able  to  draw  them  rapidly. 


Fig.  28. 

Notice  should  be  taken  of  the  fact  that  if  the  page  be  held  so 
that  the  center  lines  of  the  screws  in  Figs.  25  and  26  are  vertical, 
the  lines  which  represent  the  threads  slant  downward  from  right 
to  left.  If  the  thread  is  left-handed  the  lines  slant  from  left  to 
riirht,  as  in  Firr.  27. 

In  case  of  a  long  screw  a  few  threads  may  be  represented  at 
each  end  and  dotted  lines  carried  the  rest  of  the  way,  as  in  Fig.  2s. 

On  any  drawing  of  a  screw  which  is  intended  for  a  working 
drawing,  tlio  piteh  of  the  thread,  or  more  commonly  the  number 
of  threads  for  an  inch  of  length  should  be  specified;  when  the 
thread  be  standard,  it  is  not  always  necessary  to  specify.  Even  in 
that  case  it  is  well  to  state  the  fact  that  the  thread  is  standard.  In 
ti;ivin^  the  number  of  threads  per  inch  it  maybe  abbreviated,  thus 
12  THDS,  or  12  TIL   Examples  of  this  will  occur  in  what  follo\\s. 

Threaded  Holes  and  Invisible  Threads,  Fig.  29  shows  a 
piece  with  a  threaded  hole  in  it.  The  hole  is  represented  in  the 
side  view  by  the  four  parallel  dotted  lines.  The*  distance  apart  of 
tlu»  two  outer  lilies  is  e(|nal  to  tlit^  diameter  of  the  piece  which  is 
to  ])e  s('rewe<l  into  the  bole.     The  inner  lines  are  at  a  distance  froni 
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Fig.  29. 


the  outer  approximatelj"  <H^ual  to  the  depth  of  the  thread.     In  the 

plan  view  of  the  piece  (that  is,  the  view  looking  at  the  end  of  the 

hole)  the  hole  is  shown  by  a  full 

circle  of  a  diameter  equal  to  the 

distance  apart  of  the  inner  dotted 

lines  of  the  other  view,  and  around 

this  full  circle  a  dotted  circle  whose 

diameter  is  equal  to  the  diameter 

of  the  bolt;  or,   in   other  words, 

equal  to  the  distance  apart  of  the 

outer  dotted  straight  lines.     The 

dimension  might  be  given  on  either 

view.     In  the  figure  it  is  given  on 

the   side   view.       In    giving   the 

diameter  of  a  threaded  hole,  the 

diameter  of  the  piece  which  is  to  be 

screwed   into  the  hole   is   always 

given.     In  Fig.  29,  the  number  of  threads  per  inch  is  not  stated, 

and  in  this  case  it  would  be  understood  to  be  standard.     Fig.  30 

shows  another  way  of  dimensioning  a  tapped  hole,  which  is  satiF* 

factory  and  convenient. 

Fig.  31  shows  the  side  view 
of  the  same  piece  as  Fig.  29, 
with  a  part  of  the  screw  inserted 
in  the  hole.  Attention  is  called 
.  to  the  fact  that  where  the  screw 
is  hidden  as  it  goes  through  the 
hole  the  thread  is  not  shown, 
the  parallel  dotted  lines  repre- 
senting  the  thread  in  the  same 
manner  as  when  the  hole  had  no 
screw  in  it.  Another  point  to 
be  noted  is  that  the  cross-hatch- 
ing of  the  broken  ends  for 
wrought  iron  is  similar  to  the 
representation    of    the     screw 

thread  and  one  must  learn  to   judge   when  the  light  and  heavy 

lines  mean  a  thread  and  when  they  are  cross-hatching. 


Fig.  30. 
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Threads  in  5ecUonal  Pieces.  Figs.  S3,  83  and  34  illnstratfl 
the  common  method  of  repreeeDting  tlireads  when  they  occnr  on 
pieces  which  are  drawn  in  cro9H- section.     Fig.   32  is  the  same 


piece  as  Fig,  29,  shown  i 


screw  wliifli  jjoc 
right-lmnjeti    tti 
rifjlit  to  left,  and   tliiTL'fore  for  i 
bai'k  si(K*  of  a  tapju-d  hole,  thi 


sectioned.  The  front  half  of  the 
piece  is  supposed  to  be  removed 
and  we  are  looking  at  the  back  . 
half.  Now  the  thread  on  the 
back  side  of  a  screw  slants  the 
opposite  way  from  what  it  does 
on  the  front  side,  and  of  coarse 
the  same  is  true  of  the  thread  in 
a  tapped  hole.  Consequently, 
since  it  is  the  back  side  of  the 
bole  which  is  seen,  the  slant  of 
the  lines  which  represent  the 
thread  is  opposite  to  the  direc 
tion  they  wonid  have  were  we 
looking  at  the  front  side  of  tht 
We  liave  just  learned  that  for  a 
tJie  lines  slant  downward  from 
right-handed  thread  seen  on  tlii' 
lines  will   slant  downwanl   frorii 


left  to  right.  In  other  words,  for  a  right-handed  thread  in  a  liolt^ 
which  conii'S  in  a  cross-si.'etion,  the  lines  slant  the  same  as  they 
W<mld  on  tiie  front  of  a  [(^ft-liand 
thread  on  ;i  holt;  and  for  a  left- 
hand  thread  in  a  sectioned  hole, 
he  slant  is  the  sairie  as  for  a 
riglit-hand  thread  on  a  bolt. 

Fig.  33  is  a  piece  which  has 
a  smooth  hole  through  it  and  a 
thread  on  the  outside.  Here  the  entire  thread  is  invisible,  except 
at  the  contour  of  the  cylinder,  and  must  be  indicated  by  the 
notches.  These  are  drawn  by  spacing  off  the  distance  which  is 
used  for  the  pitch  and  from  the  jiointa  thus  found  drawing  Hues 
with  the  triangle  which  make  an  angle  of  00  degrees  with  the  axis 
of  the  cylinder.  Fur  si  i^ingle  tlnvad  the  notches  on  one  side  have 
their  outer  points  opposite  tlie  inner  points  of  the  notches  on  the 
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other  side.     For  a  double  thread  th©  notches  are  directly  opposite 
each  other. 

Fig.  34  shows  two  ways  of  quarter-sectioning  a  threaded 
piece,  the  only  difference  being  that  on  one  the  contour  of  the 
sectional  part  is  drawn  a  straight  line,  while  on  the  other  the 
contour  is  notched.  Either  one  may  be  used.  The  straight 
contour  can,  of  course,  be  drawn  much  more  quickly  and  in  places 
where  there  is  no  danger  of  sacrificing  clearness  it  should  be  used 
for  that  reason.  If  the  drawing  is  somewhat  complicated,  so  that 
without  the  notches  it  might  not  be  quite  clear  that  the  piece  was 
threaded,  the  notches  should  be  used. 


Pig.  a3. 


Fig.  34. 


As  has  already  been  suggested,  the  student  will  doubtless 
find  many  other  customs  in  the  matter  of  drawing*  threads  which 
are  quite  as  good  as  the  above.  These  have  been  given  as  ones 
which  are  common,  and  easily  drawn.  As  a  matter  of  convenience 
the  following  tables  are  given,  which  show  the  number  of  threads 
per  inch  on  some  of  the  most  common  sizes  of  bolts,  according  to 
the  standard  adopted  by  the  United  States  Government,  and  the 
Whitworth  or  English  standard. 

UNITED  STATES  STANDARD  SCREW  THREADS. 


Diameter 

Threads 

of  Bolt. 

per  Inch. 

i 

20 

s 

18 

i 

16 

^ 

14 

i 

18 

A 

12 

Diameter 
of  Bolt. 


1 


Threads 
per  Inch. 


11 

10 
9 

8 

7 

7 


Diameter 
of  Bolt. 


15 

li 

1; 

1; 
Ij 

2 


Threads 
per  Inch. 


6 
6 

5 
5 
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WHITWORTH  STANDARD  SCREW  THREADS. 


Diameter 
of  Bolt. 

Threads 
per  luch. 

Diameter 
of  Bolt. 

1 

Threads 
per  Inch. 

Diameter 
of  Bolt. 

Threads 
per  Inch. 

5 
g 

20 

18 
16 

n 

a 

11 

10 
9 

If 

H 

6 

6 
5 

1 

A 

14 

12 

12 

1 

n 

8 
7 

7 

2 

5 
4J 

Bolts  and  Nuts.  J^mong  the  most  common  pieces  of  ma- 
chinery are  bolts  and  nuts,  and  the  draftsman  has  frequent  occasion 
to  draw  them.  Fig.  35  is  a  conventional  drawing  of  a  i-inch  bolt 
with  a  hexagonal  head  and  nut.  This  figure  shows  the  dimensions 
necessary  to  be  given  in  order  that  a  workman  shall  be  able  to 
make  the  bolt  from  the  drawing. 


»* 


^ 


i 


I 
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X 

UJ 
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Beginning  with  the  head  of  the  bolt,  let  us  study  the  various 
parts  of  this  drawing  in  detail.  The  head  is  a  hexagonal  prism  the 
end  of  which  has  been  chamfered.  We  might  expect  that  two 
views  of  the  head  would  be  necessary  to  completely  define  its  shape, 
but  the  letters  HEX  printed  after  the  dimension  for  the  diameter 
of  the  head  indicates  that  it  is  hexaoronal.  In  like  manner,  if  the 
head  were  square  the  letters  SQ  would  be  placed  after  the  dimen- 
sion. If  two  views  were  drawn,  they  would  appear  as  in  Fig.  3fi 
The  head  is  drawn  as  if  che  tool  which  cut  the  chamfer,  cut  off  just 
the  corners  of  the  top,  so  as  to  make  the  top  a  circle  tangent  to  the 
sides  of  the  hexagon  at  B,  E,  (r,  etc.;  the  parts  BCE,  EFG,  etc.. 
being  portions  of  a  cone  or  sphere  according  to  the  manner  of 
chamfering.     The  curves  ABC  and  CEF  are  tangent  to  the  line 
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Fig.  36. 


GK  in  the  side  view,  and  the  lines  A  J,  CD,  and  FIX  are  all  equal 
in  length.  The  curves  ABO  and  CEF  are  properly  .the  lines 
of  intersection  of  a  cone  or  sphere,  as  the  case  may  be,  with  the 
hexagonal  prism,  but  a  convenient  and  sufficiently  accurate  way  of 
drawing  them  is  by  arcs  of  circles  with  the  center  on  the  line  HJ, 
half  way  between  HD  and 
D  J,  as  indicated.  The  cham- 
fer is  represented  in  the  end 
view  by  a  circle  inscribed  in 
the  hexagon. 

It  will  be  noticed  that  in 
Fig.  35  that  view  of  the  head 
is  given  which  shows  two 
faces  of  the  prism,  so  that 
the  shortest  dimension  of  the 
hexagon  is  given.  That  is, 
the  view  is  taken  in  the  direction  of  the  arrow  L,  Fig.  30,  instead 
of  in  the  direction  of  the  arrow  M. 

This  rule  should  be  followed  on  all  detail  drawings.  The  case 
when  it  is  desirable  to  give  a  view  in  the  direction  of  the  arrow  M 
will  be  discussed  later. 

Sometimes  it  is  desired 
to  represent  the  chamfer  as 
being  greater,  as  in  Fig.  37. 
To  do  this,  draw  the  end  view 
0  of  the  hexagon  and  inside 
it,  of  a  diameter  as  much 
smaller  as  desired,  draw  the 
circle  PNLO.  Next  draw 
the  side  view  of  the  hexa- 
gonal  prism  as  if  there  were 
DO  chamfer,  as  shown  at  the  right  (partly  in  dotted  lines).  Then 
from  P  and  L,  the  upper  and  lower  points  of  the  circle  in  the 
other  view,  draw  lines  perpendicular  to  ES  and  meeting  it  at  P 
and  L.  From  P  and  L  draw  PG  and  LK,  either  at  an  angle  of 
45  degrees  or  30  degrees  (the  latter  being  preferable)  with  ES, 
and  meeting  the  lines  BH  and  SJ  at  G  and  K.  Join  G  and  K 
by  a  eonstraction  line  GK  (shown  dotted  but  not  to  be  left  in  the 
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finished  drawing).     Draw  the  area  ABC  and  CEF  with  center  ob 
line  IIJ  as  shown,  and  tangent  to  GK, 

Fig.  38  shows  the  proper  way  of  representing  the  head  which 
WHS  shown  in  Fiff.  30  if  the  view  is  taken  in  the  direction  of  the 
arrow  M.     The  dotted  construction  lines  show  how  the  widths  are 
obtained.     Fig.  39  shows  the  corresponding  view  of   the  head 
<ljown  in  Fig.  37.     The  radius  with  which  the  middle  arc  repre- 
senting the  chamfer  is  drawn  in 
these  two  figures   is  apparent 
Various  rules  are  given  for  find- 
ing a  radius  for  small  arcs,  but 
they  can  be  found  near  enough 
by  trial,  after  a  little  experience. 
The  line  TV,  Fig.  39,  to  which 
the  tops  of  the  arcs  are  tangent, 
is  drawn  parallel  to  RS  and  at  a 
distance  from  it  equal  to  RG  in 
Fig.  37. 
The  nut,  Fig.  35,  is  drawn  in  exactly  the  same  way  as  the 
ht^ad,  so  that  what  lias  just  been  said  will  apply  equally  well  to 
the  nut.     The  hole  in  the  nut  is  indicated  by  the  four  parallel 
dotted  lines  as  explained  for  Fig.  29. 

The  shank  of  the  bolt  is  represented  with  the  thread  upon  it 
as  explained  above  for  conventional  threads.  The  point  is  drawn 
chamfered  a  little  in  the  figure, 
so  that  it  appears  as  the  frustum 
of  a  cone.  Bolts  often  have 
round  points,  in  which  case  they 
would  be  shown  as  in  Fig.  40. 
The  lines  which  represent  the 
thread  should  not  cross  the  line 
which  is  drawn  ecjuare  across 
the  bolt  to  indicate  where  the 
chamfer  or  the  roundincr  of  the 
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Fig.  39 


Fi<ji;.  41  sliows  tlin^e  views  of  a  square  head  or  nut  with  chani- 
fer  c()rresj)()ndin^  to  that  on  the  hexacronal  head  in  Fig.  30:  and 
Fig.  42  shows  the  square  head  or  nut  chamfered  to  correspond  to 
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Fig.  37.  Referring  first  to  Fig.  41  the  arc  on  the  side  view  which 
shows  the  .short  diameter  of  the  nut  is  drawn  ^ith  a  radins  A, 
equal  to  two  and  one-quarter  times  the  diameter  of  the  bolt  on 
which  the  head  or  nut  belongs.  The  arcs  on  the  other  side  view 
are  drawn  with  a  radius  B,  equal  to  one-half  of  A.  The  lines  EF 
are  drawn  from  points  E  tangent  to  the  arcs,  and 
it  will  be  found  that  the  points  of  tangency  will 
come  almost  at  the  points  where  the  arcs  cut  the 
lines  CD.  ^Points  E  are  found  by  projecting  from 
the  plan  view  as  indicated  by  the  dotted  lines.  In 
Fig.  42,  the  construction  is  similar.  The  points  N  are  first  found 
by  projecting  from  the  top  and  bottom  of  the  circle  in  the  plan 
view;  then  the  lines  NL  are  drawn  making  angles  of  30  degrees 
with  line  NN.  (The  proportions  for  the  radii  which  are  given, 
hold  good  only  when  the  angle  of  30  degrees  is  used).  Next  draw 
the  construction  line  LL  and  draw  the  arc  tangent  to  it  with  a 


Fig.  40. 


radius  A  equal  to  two  and  one-quarter  times  the  diameter  of  the 
bolt,  the  same  as  in  Fig.  41.  To  draw  the  chamfer  in  the  other 
side  view,  draw  the  constniction  line  parallel  to  and  at  a  distance 
from  CC  equal  to  the  distance  LL  from  NN  and  draw  the  arcs 
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tangent  to  this  line  with  radius  B  eqiial  to  one-half  of  A.  The 
lines  EF  are  then  drawn  as  explained  for  Fig.  41. 

B«ferring  again  to  Fig.  85,  the  dimension  which  shows  the 
length  of  the  bolt  under  the  head  shonid  be  given  to  the  extreme 
point  of  the  bolt,  as  should  also  the  dimensioa  which  shows  .How 
much  of  the  bolt  is  threaded. 

Most  of  the  bolts  in  common  use  are  made  of  standard  sizes, 
that  is,  for  a  certain  diameter  of  bolt  there  is  a  corresponding 
standard  diameter  and  thickness  for  the  head  and  the  nut,  and  a 
standard  Domber  of  threads  per  inch,  so  that  if  the  bolt  which  the 


fig,  42. 

(IriLftsiniiii  wislir^  ti.  ii;'.'  liiis  tliew  stuiiciunl  diriieiisioiis  tliey  may 
1.1*  oiiiitlcil  from  the  drawinr;  and  n  nolo  iiiudi.-!  timt  tlif  lioll  U 
slinuii.ni.  Thru  l!u>  nnlv  OiiiU'iisi<.ns  rn'cossary  to  1h'  pWt-n  an-  lli,- 
<ii;iiii,-trr.  {\u-  U-ULLih  una,']-  tlK'  liiwl.  iiiui  the  length  of  the  threaiUl 

'I'll.-  f.illi.wiiiir  lulilvs  givi-  ill.-  riiiteii  States  standard  sizes  of 
.'ijuun-  aiiH  li<'\:iKniial  jieiiils  and  nuts  for  bolts.  The  CuluuiMS 
headi'd  -  U'idiii  of  Nul  "  and  ••  Width  of  Head"  give  the  shortest 
dinieiisLun  of  iIil'  s<]uare  or  liexiigon.  that  is,  the  diameter  of  the 
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i ascribed  circle.    The  standard  number  of  threads  per  inch  can  be 
found  from  the  table  already  given, 

SQUARE  BOLT  HEADS.   U.  S.  STANDARD  (Franklin  Institute). 
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HEXAGON  BOLT  HEADS.  U.  S.  STANDARD  (Franklin  Institute). 
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SQUARE  AND  HEXAGON  NUTS.     U.  S.  STANDARD 

(Franklin  Institute). 
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Pipes  and  npe  Threads.  The  various  kinds  of  pipe  in  com> 
mon  ose  are  made  to  standard  sizes,  and  as  the  draftsman  very 
often  conies  in  contact  with  piping  we  will  consider  it  briefly. 
Flie  kinds  most  often  ased  are  wronght-iron  or  steel  pipe,  brass 
pipe  made  to  the  size  of  wronght-iron  pipe,  and  cast-iron  pipe. 
The  cast-iron  pipe  is  made  of  different  weights  and  form,  accord, 
ing  to  the  purpose  for  which  it  is  to  be  need.  Standard  weight 
iron  pi[>e  is  rated  \>y  its  nominal  inside  diameter,  althongh  the 
actual  diameter  does  not  in  most  cases  quite  agree  with  the  nom- 
inal diameter.  A  ^-inch  pipe  is  a 
i^v^  ^  pipe,   the  hole  in  which   is  snp- 

'  '^^       posed   to  be  J  inch  in  diametw, 

hut  if  carefully  measured  it  will 
be  found  to  be  a  few  hundredths 
of  an  inch  lai^er. 

The  threads  on  pipes  and  pipe 
fittings  are  also  made  to  standaid; 
taps  and  dies  are  made  for  various 
sizes  of  pipe.  These  taps  and  dies 
are  spoken  of  or  described  by  stat- 
ing the  size  of  the  pipe  for  which 
thoy  are  intended  For  example, 
a  ^-inch  pipe-tap  is  a  tap  of  the 
pro[)fr  size,  Bba[>e,  and  nninbtT  of 
y.     ^^  threads  per  inch  to  cut  the  thread 

in  a  hole  to  receive  a  J-inch  pi[)e, 
Tliri'Milfd  ln.Ics  art!  madu  typeriiig  for  pipes,  the  standard  taper 
being  -^  iricli  ]ht  foot,  lliiit  i^;,  the  diameter  of  the  bole  decrease:- 
at  tJie  r;\te  of  -^  inch  ]iit  fo()t.  In  representing  a  hole  which  is 
tim-ailcil  with  a  jiijie  t;i]i.  tlio  hole  is  drawn  of  a  diameter  at  its 
lai'^or  ciui  aluiiit  i-ijual  to  tlm  ontsidii  diameter  of  the  pi[)e  which 
la  to  hi!  scn-wctl  into  it,iiiiil  is  drinvn  tjijiering.  It  is  well  to  make 
the  tii[).-i-  coii-^idi-nililv  ^.'n-.iler  ih;iii  the  actual  taper,  so  that  t!ie 
irnwirii^  iiiuy  sec  at  a  glance  that  tlie  hole  is 


toi:^ 


r  Ml  the 


fHTSOll 

Till-  ilirciid  iri  indicated  in  one  of  the  conventional  ways 
pi-i-vioiisly  cxjiliiiiii'd,  Imt  the  number  of  threads  per  inch  and  the 
diumutur  of  the  hole  need  not  Jju  given;  instead,  a  note  ia  made 
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that  the  hole  is  tapped  for  a  certain  size  pipe.     Fig.  43  illustrates 
this. 

The  following  tables  of  standards  for  wronght-iron  pipe  may 
be  found  convenient: 

STANDARD  SIZES  OF  WROUGHT  IRON  PIPE. 


Nominal  Size. 
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1     u     \\ 
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Actual  Inside 
Diameter. 

.27 
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.623 
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1.610 
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Diameter. 

.405 
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1.66 

1.90 
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^ 

Nominal  Size. 

2J 

3 

3J 

4 

4J 

5 

6 

7 

8 

Actual  Inside 
Diameter. 

2.468 

3.067 

3.548 

4.026 

4.508 

5.015 

6.065 

7.023 

7.982 

Outside 
Diameter. 

2.875 

3.50 

4.00 

4.50 

5.00 

5.563 

6.625 

7.625 

8.625 

STANDARD  THREADS  FOR  WROUGHT  IRON  PIPE. 


Nominal 
Size  of  Pipe. 
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u 

2 

Threads  per 
Inch. 

27 
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14 

4J 

11.V 
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Hi 
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Size  of  Pipe. 

2J 

3 

4 

7 

8 

Threads  per 
Inch. 

8 

8 

8 

8 

8 

8 

8 

8 

8 

Scale  Drawings.  When  the  object  which  is  to  be  drawn  13 
not  so  large  but  that  it  can  be  easily  actual  size,  or  full  size  as  it 
is  called,  on  a  sheet  of  paper  which  is  of  convenient  dimensions, 
it  is  well,  usually,  to  draw  the  piece  full  size.  In  most  cases, 
however,  the  machine,  or  the  building,  or  whatever  is  to  be  drawn 
is  so  large  that  it  would  be  impossible  to  draw  it  full  size.  Then 
the  drawing  is  made  to  some  reduced  scale,  that  is,  all  the  di- 
mensions are  drawn  smaller  than  the  actual  dinu'usions  of  the 
object  itself;  all  dimensions  being  reduced  in  the  same  pro[)ortion. 
For  example,  if  a  piece  is  to  be  drawn  half  size,  the  distance  from 
one  point  to  another  on  the  drawing  would  be  one-half  what  it  is 
on  the  piece  itself;  if  the  drawing  is  one- fourth  size,  the  distance 
on  the  drawing  would  be  one -fourth  what  it  is  on  the  piece  itself, 
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and  BO  on.  In  dimensioning  such  a  drawing  the  dimension  which 
is  written  on  the  drawing  is  the  actual  dimension  of  the  piece, 
and  not  the  distance  which  is  measured  on  the  drawing.  This 
tact  must  be  very  clearly  understood  by  the  student. 

The  common  method  of 
reducing  all  the  dimen- 
sions in  the  same  propor- 
tion is  to  choose  a  certain 
distance  and  let  that  dis- 
tance represent  one  foot, 
this  distance  is  then  di- 
vided into  twelve  parts 
and  each  one  of  these  parts 
represents  an  inch;  then 
if  half  and  quarter  inches 
are  required  these  twelfths 
are  subdivided  into  halves, 
quarters,  etc.,  until  the 
subdivisions  become  so 
small  that  they  cannot  be 
used.  We  now  have  a 
scale  which  represents  the 
common  foot  rule  with  its 
subdivisions  into  inches 
and  fractions;  but  our  new 
foot  is  smaller  than  the 
ordinary  distance  which 
we  call  a  foot,  and  of 
course  its  subdivisions  are 
proportionately  smaller. 
When  we  make  a  measure- 
ment on  the  drawing  we 
make  it  with  our  reduced 


SCALE -3 -r' 


Fig.  44. 


foot  rule  and  when  we  make  a  nieasurenient  on  the  machine  itself 
we  make  it  with  the  common  foot  rnle. 

Draftsmen's  scales  can  he  houtj^ht  which  have  different  dis- 
tances thus  divided,  so  that  if  the  draftsman  wishes  to  draw  a 
piece  one-fourth  size  he  looks  over  his  scale  until  he  finds  a  dis- 


4\^ 


MECHAJSICAL  DKAWING  3) 


tance  of  three  inches  (which  is  of  course  one-fourth  of  a  foot] 
divided  as  explained  above,  and  he  uses  this  to  measure  with  on 
his  drawing.  His  drawing  would  then  be  made  to  a  scale  of 
three  inches  to  the  foot.  In  the  same  way,  if  he  wishes  to  make 
his  drawing  one-twelfth  size  he  finds  on  his  scale  one  inch  divided 
into  twelfths  and  fractions  of  twelfths  and  uses  this  as  his  standard 
of  measurement;  if  he  wishes  to  make  his  drawing  one  forty- 
eighth  size  he  uses  a  quarter  inch  with  its  subdivisions.  Somf?- 
times  if  the  piece  to  be  drawn  is  very  small,  the  drawing  is  made 
at  an  enlarged  scale,  such  as  twice  size,  three  times  size,  etc. 

The  mistake  of  choosing  the  wrong  distance  to  use  on  a  scale 
is  often  made.  For  example,  if  he  wishes  to  draw  a  piece  J  size, 
he  will  look  over  his  scale  for  a  place  marked  J,  and  use  this  for 
his  standard  for  4  size,  which  ^*s  ^v^ong.  The  figure  on  the  scale 
indicates  the  distance  which  is  divided  up  to  represent  one  foot,  so 


Fig.  45.  Fig.  46. 

that  the  part  of  the  scale  which  has  ^  marked  on  it  means  that  ^ 
of  an  inch  is  divided  up  into  twelfths,  or  in  other  words,  if  a  draw- 
ing is  made  according  to  that  scale  it  will  be  ~^^c^th  size. 

Every  drawing  which  is  made  at  any  other  scale  than  full 
size  should  have  the  scale  marked  on  it  plainly. 

Fig.  44  shows  a  piece  drawn  to  a  scale  of  3  inches  per  foot, 
that  is,  ^  size. 

Long  Pieces.  A  piece  which  is  very  long  in  proportion  to  its 
diameter  or  width  is  often  difficult  to  draw  complete,  especially  if 
there  is  much  detail  to  any  part  of  it,  for  if  the  scale  is  made  so 
small  that  the  length  will  go  on  a  sheet  of  paper  of  convenient  size 
the  small  part  is  so  reduced  that  it  is  very  small.  If  such  a  piece 
is  plain  the  whole  or  part  of  its  length,  a  portion  of  the  plain  part 
may  be  broken  out  on  the  drawing  thus  shortening  the  drawing  of 
the  piece  so  that  a  larger  scale  may  be  used.  Of  course  in  givincr 
the  dimension  for  the  length,  the  actual  length  must  be  gi^en. 
Fig.  45  shows  a  round  piece  thus  broken  out  and  Fig.  46  a  ree« 
tangular  piece. 
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It  is  a  good  idea  to  connect  by  dotted  lines  the  two  parts  thus 
broken,  although  this  is  not  essential. 

••Turning  Up"  a  Section.  Sometimes  a  second  view  of  a  piece 
may  be  avoided  by  drawing  on  the  first  view  a  partial  view  show- 
ing the  shape  of  the  cross-section  at  the  place  where  drawn.  This 
partial  view  or  "  turned-up  section  "  may  be  drawn  in  either  full  or 
dotted  lines  and  should  be  cross  hatched.  If  it  comes  where  there 
are  other  lines  of  the  original  view,  as  is  usually  the  case,  the 
original  lines  would  be  drawn  in  regardless  of  the  fact  that  they 
conflicted  with  the  auxiliary  view.     Fig.  47  is  an  illustration. 

In  General.  A  working  drawing  will  usually  belong  to  one 
of  the  three  following  classes:  jirstj  a  design  of  an  entirely  new 
machine;  secinul^  a  drawing  of  a  machine  which  is  already  built; 
third  J  a  drawing  of  a  new  part  to  fit  a  machine  which  is  already 
built,  or  a  drawintr  of  an  old  machine  remodelled. 

In  order  to  design  a  new  machine 
or  a  part  of  a  machine,  the  draftsman 
must  understand    the   principles    of 
drawing  and  must  also  have  a  clear 
Fig.  47.  understanding  of  the  work  which  the 

machine  is  to  perform,  and  must  know  something  of  the  principles 
of  machine  design  and  the  strength  of  materials.  A  study  of  the 
general  manner  of  proceeding  with  the  drawing,  when  these  things 
are  known,  will  come  latter  in  this  course.  The  draftsman  may 
make  a  drawing  of  a  macliino  which  is  already  built,  even  if  he 
has  no  understanding  of  the  working  of  the  machine,  althoucrli 
under  such  conditions  he  works  at  a  ix^eat  disadvantacre.  In  any 
case,  he  must  know  the  principles  of  drawing. 

If  the  student  has  learned  tliorouglily  what  has  preceded  in 
this  course,  he  should  bo  ready  to  take  up  the  drawing  from  a 
Tnacliine,  and  we  will  now  consider  the  general  system  to  be  fol- 
lowed in  makinix  such  a  drawintr. 

Sketches.  In  most  cjiscs  it  would  be  inconvenient  for  the 
draftsman  to  take  his  drawing  board  and  instruments  to  the 
niachiiio  and  make  his  cai'eful  drawinir  with  the  machine  close  at 
hand;  preferably,  ho  makes  what  are  called  sketches,  carries  his 
sketches  to  the  drafting  room  and  makes  his  drawing  from  them. 
In  making  the   sketches,  each    piece  of  the  machine   should  be 


418 


MECHANICAL  DRAWING  83 


taken  separately  and  a  complete  working  drawing  made  of  it,  the 
only  diflFerence  between  these  sketches  and  the  finished  drawing 
l>eincr  that  they  are  made  largely  without  the  use  of  instruments, 
triangles,  etc.;  that  is,  they  are  made  free  hand.  The  experienced 
draftsman  will  draw  some  lines  and  circles  free  hand^  and  use  his 
instruments  on  some,  according  as  he  may  think  that  he  will  save 
time  by  doing  the  one  or  the  other;  but  it  is  well  for  the  beginner 
to  gain  practice  by  making  the  sketches,  almost  wholly  free 
hand,  except  large  circles,  and  long  lines. 

The  sketches  should  be  neat  and  perfectly  clear,  so  that  if 
they  are  laid  aside  for  a  long  time  they  can  be  clearly  understood 
without  depending  at  all  upon  memory.  There  is  a  strong 
tendency  for  the  beginner  to  make  his  sketches  hurriedly,  think- 
ing that  when  he  comes  to  finish  his  drawing  he  can  supply  the 
details  from  memory.  This  is  a  bad  plan  and  will  lead  to  many 
mistakes.  The  sketches  must  be  so  clear  and  complete  that  any. 
one  can  read  them  who  has  never  seen  the  machine.  No  attempt 
need  be  made  to  draw  them  to  scale,  but  all  dimensions,  carefully 
measured  from  the  machine,  should  be  placed  on  the  sketch. 

After  every  piece  of  the  machine  has  been  thus  sketched  sep- 
a^tely,  it  is  well  to  make  a  rough,  general  sketch  of  the  whole 
machine,  to  show  how  the  various  pieces  fit  together,  a  few  of  the 
most  important  over-all  dimensions,  distances  between  centers,  etc. 

All  sketching  should  be  done  as  rapidly  as  j)ossible  without 
sacrificing  clearness.  Before  starting  to  sketch  a  piece,  the  drafts- 
man must  decide  what  views  are  necessary  to  describe  the  piece 
clearly.     Jill  sketches  should  be  made  large  to  avoid  confusion. 

Detail  Drawin^f.  After  the  sketches  are  made,  the  next  step 
is  the  making  of  the  pencil  drawing  from  the  sket';hes,  accurately 
to  scale.  The  size  of  the  plate  on  which  the  drawing  is  to  be 
made  is  usually  fixed  by  some  standard.  AVhero  many  drawings 
are  made  and  kept  in  an  office,  it  is  desirable  to  kee[)  the  ])late3  of 
uniform  size,  as  far  as  possible.  It  is  good  practice  to  have  two 
or  three  standard  sizes  of  plates,  one  for  small  drawings,  one  for 
ordinary-sized  work,  and  one  for  large  drawings;  then,  whenever  a 
drawing  is  made,  make  it  on  one  of  these  standard  j)lates. 

Assuming,  then,  that  we  have  our  paj)er  stretched  on  the 
drawing  board  and  the  plate  laid  out,  the  next  step  will  be  to 
arrange  the  drawings  of  the  various  pieces  on   the  plate  so  that 
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■»  *i  r-li::  .!i  :  -'  -i*:!  ::i-rr.  I:  i_iT  Li:  i^n  rL*:  tLrrt  -rij  n*:t  k 
r>xn  o-  '.i^  r'-iTr  f  .r  *1I  ilr  j'-r*::*:^,  b-:  thit  tro  or  m-r^  pUte* 
Till  l*j  r-r^:!:.--:*!  Wl-n  tie  jArrs  n:i5:  tie  ihzia  arraiic:wi  on 
dlr^rrr^:  f  1*:^^.  ia  e«>r:  5l:"iZ«i  l^  iz^ir  lo  krep  oa  the  same 
jli>r  tli-rrr  jAri5  *»^1:  :ii  l-r!  .r.^:  ti-^thrr.  FoT  exiHipItr.  if  we  were 
dnwiriT  &  li:!-.  tL-r  derails  of  tirr  fiarts  of  iLc  h«ad  stock  might 

In  i*>.-a::r.^  th-  varioTi*  pic^.vs  oa  a  plate*  thev  Ehould  be 
placed  as  LrArlr  a-  pi-tiiblc  ia  tlie  sanir  relative  p->?:tioa  to  each 
y^er  that  tL-rj  l>rar  ia  thtr  ma«:-h:ar,  trxcvpt  tha;  they  are  sepa- 
rated*  For  trxaTr.L'.t::  if  a  r.iit  bcloniis  oa  the  end  of  a  screw,  it  is 
desirib!^  to  dra^  i:  »..n  tr-e  same  ceaitr  liae  with  the  screw  and  at 
the  e:.  i  wLrre  i:  l^r'.-.'.ii:?.  If  a  j»irce  is  vrrtieal  in  the  machine 
it  thouM  ^-r  vr-rti'-al  on  the  plate,  and  if  horizontal  in  the  machine, 
it  shoTili  I—  L'Tizontal  oa  the  plate. 

The  a:  pr>x:::iate  l*x^tion  of  the  pieces  on  the  plate  may  be 
easily  (i-«;::'.'«J  by  takiai:  a  small  shtet  of  pajierof  about  the  same 
proj«:'r::<-*n  ai  t:.»_-  p':»*»^,  but  pn^rhaps  one- fourth  or  one-half  size, 
ai.'l  .-kv-'-Lir.j  or.  ::  r  »::_'L!y  th*.*  outline  of  the  various  pieces.  The 
arraL^:'.:.^' «..:  i':.r  j '.;>.'  ^1.  .uM  ii"t  l»e  allowt^I  to  take  much  time, 
but  sL'.u!  i  f«.-  'i  •:.'.-  u-i  rt|-:«i!y  ft<  j-:»--ible.  After  the  location  of 
each  vi/w  of  e:i'li  jfive  is  dt^'/riKint-^i,  the  f>eneil  drawincr  should 
bfifia  .to  £<a!tr,  \\'.:h  0!:e  uf  the  principal  pieces.  In  almost  all 
ca^es  a  Cf  Titer  line  i=  lirst  drawn.  It  is  better  to  carry  alon<T  all 
the  views  of  a  pit^.*e  at  once,  instead  of  completing  one  view  at  a 
time.  The  |.iece  startt^]  should  have  all  its  views  finished  and 
comi.leteiv  di:iien=ione<l  befoi-e  another  piece  is  begun;  exceptions 
to  this  are  s«»!netinies  necessary  f()r  6]>ecial  reasons.  The  lines 
should  be  drawn  accurately,  but  no  attempt  need  be  made  to  obtain 
iinish:  that  is,  in  order  to  save  time,  the  lines  may  be  run  past  the 
point  where  they  should  properly  stop,  etc.  Nothing  should  be 
omitteil,  however. 

Each  plate  of  details  should  have  a  title,  stating  of  'vhat 
machine  it  is  a  drawing,  and,  if  there  are  several  plates,  it  '»  well 
to  state  also  of  what  part  of  the  machine  the  plate  in  question  is 
a  drawincr.  It  is  also  a  good  idea  to  print  its  name  beside  each  of 
the  j)rincipal  pieces. 
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Tracing.  Having  finished  the  pencil  drawing,  the  next  step 
is  the  inking.  In  some  offices  the  pencil  drawing  is  made  on  a  thin, 
tough  paper,  called  board  paper,  and  the  ink'ng  is  done  over  the 
pencil  drawing,  in  the  manner  with  which  the  student  is  already 
familiar.  It  is  more  common  to  do  the  inking  on  thin,  trans- 
parent  cloth,  called  tracing  cloth,  which  is  prepared  for  the  pur- 
pose. This  tracing  cloth  is  made  of  various  kinds,  the  kind  in 
ordinary  use  being  what  is  known  as  "  dull  back,"  that  is,  one 
side  is  finished  and  the  other  side  is  left  dull.  Either  side  may 
be  used  to  draw  upon,  but  most  draftsmen  prefer  the  dull  side. 
If  a  drawing  is  to  be  traced  it  is  a  good  plan  to  use  a  3H  or  4S, 
pencil,  so  that  the  lines  may  be  easily  seen  through  the  cloth. 

The  tracing  cloth  is  stretched  smoothly  over  the  pencil  draw- 
ing  and  a  little  powdered  chalk  rubbed  over  it  with  a  dry  cloth, 
to  remove  the  slight  amount  of  grease  or  oil  from  the  surface  and 
make  it  take  the  ink  better.  The  dust  must  be  carefully  brusJjed 
or  wiped  off  with  a  soft  cloth,  after  the  rubbing,  or  it  will  inter- 
fere with  the  inking. 

The  drawing  is  then  made  in  ink  on  the  tracing  cloth,  after 
the  same  general  rules  as  for  inking  the  paper,  but  care  must  be 
taken  to  draw  the  ink  lines  exactly  over  the  pencil  lines  which 
are  on  the  paper  underneath,  and  which  should  be  just  heavy 
enough  to  be  easily  seen  through  the  tracing  cloth.  The  ink  lines 
should  be  firm  and  fully  as  heavy  as  for  ordinary  work.  In  tracing, 
it  is  better  to  complete  one  view  at  a  time,  because  if  parts  of 
several  views  are  traced  and  the  drawing  left  for  a  day  or  two,  the 
cloth  is  liable  to  stretch  and  warp  so  that  it  will  be  difficult  to 
complete  the  views  and  make  the  new  lines  fit  those  already 
drawn  and  at  the  same  time  conform  to  the  pencil  lines  under- 
neath. For  this  reason  it  is  well,  when  possible,  to  complete  a 
view  before  leaving  the  drawing  for  any  length  of  time,  although 
of  course  on  views  in  which  there  is  a  good  deal  of  work  this 
cannot  always  be  done.  In  this  case  the  draftsman  must  manipu- 
late his  tracing  cloth  and  instruments  to  make  the  lines  fit  as  best 
he  can.  A  skillful  draftsman  will  have  no  trouble  from  this 
source,  but  the  beginner  may  at  first  find  difficulty. 

Inking  on  tracing  cloth  will  be  found  by  the  beginner  to  be 
quite  diflFerent  from  inking  on  the  paper  to  which  he  has  been 
accustomed,  and  he  will  doubtless  make  many  blots  and  think  at 
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first  that  it  is  hard  to  make  a  tracing.  After  a  little  practice^ 
however,  he  will  find  that  the  tracing  cloth  is  very  satisfactory 
and  that  a  good  drawing  can  be  made  on  it  quite  as  easily  as  on 
paper. 

The  necessity  for  making  erasures  should  be  avoided,  as  far 
as  possible,  but  when  an  erasure  must  be  made  a  good  ink  rubber 
or  typewriter  eraser  may  be  used.  If  the  erased  line  is  to  have 
ink  placed  on  it,  such  as  a  line  crossing,  it  is  better  to  use  a  soft 
rubber  eraser.     All  moisture  should  be  kept  from  the  cloth. 

Blue  Printing,  The  tracing,  of  course,  cannot  be  sent  into 
the  shop  for  the  workmen  to  use,  as  it  would  soon  become  soiled 
and  in  time  destroyed,  so  that  it  is  necessary  to  have  some  cheap 
and  rapid  means  of  making  copies  from  it.  These  copies  are 
made  by  the  process  of  blue  printing  in  which  the  tracing  is  used 
in  a  manner  similar  to  the  use  made  of  a  negative  in  photography. 

Almost  all  drafting  rooms  have  a  frame  for  the  purpose  of 
making  blue  prints.  These  frames  are  made  in  many  styles,  some 
simple,  some  elaborate.  A  simple  and  efiicient  form  is  a  flat  sur- 
face usually  of  wood,  covered  with  padding  of  soft  material,  such 
as  felting.  To  this  is  hinged  the  cover,  which  consists  of  a  frame 
similar  to  a  picture  frame,  in  which  is  set  a  piece  of  clear  glass. 
The  whole  is  either  mounted  on  a  track  or  on  some  sort  of  a 
swinging  arm,  so  that  it  may  readily  be  run  in  and  out  of  a 
window. 

The  print  is  made  on  paper  prepared  for  the  purpose  by 
having  one  of  its  Burfacea  coated  with  chemicals  which  are  sensi- 
tive to  sunlitrlit.  This  coated  paper,  or  blue-print  paper,  as  it  is 
called,  is  laid  on  the  padded  surface  of  the  frame  with  its  coated 
side  U])perniost;  the  tracing  laid  over  it  right  side  up,  and  the 
rrlass  ])ressed  down  firmly  and  fastened  in  place.  Springs  are 
frc(|uently  nsrd  to  kcej)  th(?  paper,  tracing,  etc.,  against  the  glass 
AVith  sonic  frames  it  is  more  convenient  to  turn  them  over  and 
rcniovt;  th(^  backs.  In  such  cases  the  tracing  is  laid  against  the 
^lass,  face  down;  the  coated  j)a[)er  is  then  placed  on  it  with  the 
coated  side  against  the  tracing  cloth. 

The  sun  is  alK)\ved  to  hhine  upon  the  drawing  for  a  few 
miiiutes.  then  the  l>lue-])rint  [)a[)er  is  taken  out  and  thorouiThly 
washed    in   clean   water  for  several  minutes  and  hung  up  to  dry. 
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If  the  paper  has  been  recently  prepared  and  the  exposure  properly 
timed,  the  coated  surface  of  the  paper  will  now  be  of  a  clear,  deep 
blue  color,  except  where  it  was  covered  by  the  ink  lines,  where  it 
will  be  perfectly  white. 

The  action  has  been  this:  Before  the  paper  was  exposed  to 
the  light  the  coating  was  of  a  pale  yellow  color,  and  if  it  had  then 
been  put  in  water  the  coating  would  have  all  washed  off,  leaving 
the  paper  white.  In  other  words,  before  being  exposed  to  the 
sunlight  the  coating  was  soluble.  The  light  penetrated  the  trans- 
parent tracing  cloth  and  acted  upon  the  chemicals  of  the  coating, 
changing  their  nature  so  that  they  became  insoluble;  that  is,  when 
put  in  water,  the  coating,  instead  of  being  washed  oflE,  merely 
turned  blue.  The  light  could  not  penetrate  the  ink  with  which 
the  lines,  figures,  etc.,  were  drawn,  consequently  the  coating  under 
these  was  not  acted  upon  and  it  washed  off  when  put  in  water, 
leaving  a  white  copy  of  the  ink  drawing  on  a  blue  background. 
If  running  water  cannot  be  used,  the  paper  must  be  washed  in  a 
BuflBcient  number  of  changes  until  the  water  is  clear.  It  is  a  good 
plan  to  arrange  a  tank  having  an  overflow,  so  that  the  water  may 
remain  at  a  depth  of  about  0  or  8  inches. 

The  length  of  time  to  which  a  print  should  be  exposed  to  the 
light  depends  upon  the  quality  and  freshness  of  the  paper,  the 
chemicals  used  and  the  brightness  of  the  light.  Some  paper  is 
prepared  so  that  an  exposure  of  one  minute,  or  even  less,  in  bright 
sunlight,  will  give  a  good  print  and  the  time  ranges  from  this  to 
twenty  minutes  or  more,  according  to  the  proportions  of  the 
various  chemicals  in  the  coating.  If  the  full  strength  of  the  sun- 
light  does  not  strike  the  paper,  as,  for  instance,  if  clouds  partly 
cover  the  sun,  the  time  of  exposure  must  be  lengthened. 

Assembly  Drawing.  We  have  followed  through  the  process 
of  making  a  detail  drawing  from  the  sketches  to  the  blue  print 
ready  for  the  workmen.  Such  a  detail  drawing  or  set  of  drawings 
shows  the  form  and  size  of  each  piece,  but  does  not  show  how  the 
pieces  go  together  and  gives  no  idea  of  the  machine  as  a  whole. 
Consequently,  a  general  drawing  or  assembly  drawing  must  be 
made,  which  will  show  these  things.  Usually  two  or  more  views 
are  necessary,  the  number  depending  upon  the  complexity  of  the 
machine.     Very  often  a  cross-section  through  some  part  of  the 
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machine,  chosen  bo  as  to  give  the  best  general  idea  with  the  least 
amount  of  work,  will  make  the  drawing  clearer. 

The  number  of  dimecsions  required  on  an  assembly  drawing 
depends  largely  upon  the  kind  of  machine.  It  is  usually  best  to 
give  the  important  over-all  dimensions  and  the  distance  between 
the  principal  center  lines.  Care  must  be  taken  that  the  over-all 
dimensions  agree  with  the  sum  of  the  dimensions  of  the  various 
details.  For  example,  suppose  three  pieces  are  bolted  together, 
the  thickness  of  the  pieces  according  to  the  detail  drawing,  being 
one  inch,  two  inches,  and  five  and  one-half  inches  respectively;  the 
sum  of  these  three  dimensions  is  eight  and  one-half  inches  and 
the  dimensions  from  outside  on  the  assembly  drawing,  if  given  at 
all,  must  agree  with  this.  It  is  a  good  plan  to  add  these  over-all 
dimensions,  as  it  serves  as  a  check  and  relieves  the  mechanic  of  the 
necessity  of  adding  fractions. 

FORMULA  FOR  BLUE-PRINT  SOLUTION. 

Dissolve  thoroughly  and  filter. 

Red  Prussiate  of  potash 2^^  ounceSy 

^'    Water 1     pint. 

Ammonio-Citrato  of  iron 4  ounces, 

^  •     Water 1  pint 

Use  equal  parts  of  A  and  B. 

FORHULA  FOR  BLACK  PRINTS 

Negatives.     White  lines  on  blue  ground;  prepare  the  paper 

with 

Ammonio-Citrato  of  iron 40  grains, 

Water 1  ounce. 

After  printing  wash  in  water. 

Positives.  Black  lines  on  white  ground;  prepare  the  paper 
with: 

Iron  perchlorido 616  grains, 

Oxalic  Acid 308  grains, 

Water 14  ounces. 

i  Gallic  Acid 1  ounce, 
Citric  Acid 1  ounce, 
Alum 8  ounces. 

I  s(»  1 J  ounces  of  (k*vt*loj)er  to  one  gallon  of  water.  Paper  is 
fully  exj)osed  when  it  has  changed  from  yellow  to  white. 
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PLATE5, 
PLATE  VIII. 

Pipe  Couplins:.  The  drawing  represents  one  of  a  pair  of 
cast-iron  couplings  used  for  connecting  two  lengths  of  pipe.  It  is 
threaded  for  a  right-handed  thread,  but  appears  left-handed  because 
the  back  part  of  the  thread  is  visible  in  the  section. 

The  vertical  center  line  of  the  coupling  is  in  the  center  of 
the  plate;  the  center  of  the  plan  is  3|  inches  from  the  lower 
border  and  the  bottom  of  the  elevation  1|  inches  from  the  top 
border  line.  The  elevation  is  made  in  half  section,  that  is,  the 
ri^t-hand  half.  It  is  made  by  imagining  that  the  front  right 
quarter  of  the  coupling  is  cut  away  by  vertical  planes.  If  the 
cutting  plane  passes  through  a  hole  or  opening  the  cross-hatching 
is  omitted.  The  dotted  lines  at  the  left  of  the  hole  show  that  it 
is  threaded.  The  distance  between  these  lines  is  -^j  inch,  the 
depth  of  the  thread.  The  threaded  or  tapped  portion  is  shown  in 
plan  by  the  two  circles,  the  dotted  circle  representing  the  outside 
and  the  full  circle  the  inside  or  root  of  the  thread. 

The  boss  or  hub  adds  to  the  strength  and  allows  more  threads. 
The  shade  lines  should  be  placed  on  the  drawing  following  the 
custom  for  shop  drawings.  The  title  "  Pi|)e  Coupling  "  should 
be  placed  as  shown  and  made  witli  letters  ^  inch  high.  The 
letters  may  be  either  vertical  or  inclined  Gothic  capitals. 

PLATE  IX* 

Pillow  Block.     The  drawings  for  this  plate  are  three  views — 
side,  plan  and  end^-of  a  4  inch-pillow  bl(X!k.     Each  view  is  half 
in  section.     The  drawing  should  be  one-half  size.     Make  the  ver- 
tical center  line  of  the  side  and  plan  views  4|  inches  from  the 
left-hand  border.     The  horizontal  center  line  of   the   side  view 
should  be  2|  inches  from  the  top  border  line  and  the  horizontal 
center  line  of  the  plan  2J  inches  from  the  bottom  border  line. 
Locate  the  vertical  center  line  of  the  end  view  2^  inches  from  the 
right-hand  border  line;  the  horizontal  center  line  will  of  course  be 
a  continuation  of  that  of  the  side  view.     Note  that  the  left-hand 
half  of    the  plan  represents  what  is  seen  by  looking  up  from 
below.     The  cutting  plane  for  the  right-hand  half  passes  hori- 
zontally  through  the  center  of  the  shaft 
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PLATE  X  . 

Overhunjc  Crank.  Trj*^  two  drawings  on  this  plate  are  to  be 
wiiAf;  fi,..  ./.",  fror/j  tii':;  fn-r-Ljiijd  .-rkL-tches  Fis"3.  4S  and  -i'*.  These 
jip;  •  !i'  1j  ?i-;  v/oiild  ]>•;  (/.-.'  u  tht;  draftsman  or  such  he  would  make 
for  lii ',  ov.  rj  v.ork.  I'lii'o  th*:;  two  views  so  that  they  will  look 
wcM  oil  tho  jJate.      J^it  on  shade  lines  and  dimensions. 

PLATE  XI. 

Cylinder  Head.     This   j>late  consists  of  a  plan  view  and  a 

croHH  r  <•(•!  ion  of  the  (rylinrler  head  of  a  small  engine.  The  center 
line  for  iIkj  two  views  is  drawn  half  way  between  the  upper  and 
lower  honl<*r  linen.  Always  allow  sufficient  space  for  dimensions. 
The  hlinrje  lin(*s  sliould  be  placed  on  the  drawing,  following 
the  nu'lliodri  described  for  machine  drawing.  Locate  the  title  and 
explanatory  notes  to  make  the  plate  appear  well  balanced. 

PLATE  XI  A. 

Blue  Print.  Makc^  a  tracing  on  tracing  cloth  and  (optional) 
a  1)1  ue  print  of  one  of  these  plates. 
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PART  VI. 


WORKING  SHOP  DRAWINGS. 

In  Parts  I  to  IV,  inclusive,  the  fundamental  principles  of 
Mechanical  Drawing  were  explained  and  illustrated.  The  pro- 
duction of  working  drawings  has  also  been  discussed  to  some 
extent,  and  the  usual  characters  and  symbols  explained  and 
applied.  The  elementary  work  already  outlined  has  been  treated 
chiefly  from  the  standpoint  of  correctness  of  line  representation 
considered  by  itself,  without  a  detailed  study  of  the  use  to  which 
the  drawings  so  produced  are  to  be  applied. 

Evidently  this  is  the  proper  method,  for  the  student  should 
gain  a  thorough  understanding  of  tlie  principles  which  underlie 
line  representation  before  attempting  to  apply  them  to  any  ex- 
tended practical  use.  In  all  of  this  preceding  work  it  is  intended 
that  the  theoretical  [)rinciple8  shall  oversliadow  any  incidental 
references  made  to  practical  application,  liowever  true  and  perti- 
nent the  latter  may  be  for  purposes  of  illustration.  Hence,  before 
taking  up  any  advanced  work,  the  student  should  fully  realize  the 
importance,  in  fact,  the  absolute  necessity,  of  thorou<^dily  under- 
standing the  fundamental  principles  which  have  Ijeen  outlined  in 
the  books  which  have  preceded  Part  VI. 

At  this  point  the  student  must  realize  tliat  a  lack  of  proper 
elementary  and  fundamental  trainmg  will  make  him  "go  lame"  at 
every  point  of  his  course,  and  probably  prevent  the  attainment  of 
proficiency  which  otherwise  would  naturally  and  almost  instinc- 
tively come  with  advanced  study.  It  is  the  thorciui^h  and  ready 
knowledge,  always  at  his  fingers'  ends,  of  all  the  principles  of 
Mechanical  Drawing,  which  makes  the  expert  draftsman. 

Plan  and  Scope  of  Advanced  Work.  It  is  now  intended  to 
throw  an  entirely  different  light  on  the  matter,  and  view  the 
subject  of  Mechanical  Drawing  from  a  purely  practical  stand- 
point;  viz.,    that   of   Utility.     It   is    assumed    that   the  student 
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understands  and   can  use    the   principles  which  have   been  pre- 
viously discussed. ' 

If  in  a  working  shop  drawing  we  choose  to  modify  any  of 
these  theoretical  principles,  it  will  be  because  of  increased  value 
in  Utility  of  the  di-awing.  For  example,  we  may  desire  to  omit 
some  portions  of  an  elevation  or  plan  or  side  view  of  a  compli- 
cated casting,  because  certain  details  will  thus  be  more  clearly 
brought  out.  We  may  make  a  "  zigzag "  section  to  show  con- 
struction which,  by  absolute  fidelity  to  theoretical  principle, 
would  be  confused,  or  hidden  in  a  maze  of  dotted  lines.  We  may 
find  it  convenient  to  place  in  some  unoccupied  comer  of  a  drawing 
a  layout  which  could  not  be  in  the  least  justified  by  any  rule  of 
projection.  A  multitude  of  transgressions  like  these  occur  on 
good  drawings,  and  they  are  certainly  justifiable  from  the  stand- 
point of  Utility^  which  is  the  true  ultimate  end  sought  for  in  a 
practical  shop  drawing. 

These  variations  from  the  theoretical  are  not  strictly  conven- 
tionalities, because  they  are  not  classified  or  established,  so  far 
as  we  know,  but  are  the  spontaneous  outgrowth,  as  the  occasion 
demands,  of  the  draftsman's  purpose  to  make  his  drawing  one 
of  greatest  Utility.  lie  can,  however,  safely  transgress  a  prin- 
ciple only  when  he  thoroughly  knows  the  principle;  otherwise 
a  blind  deviation  from  the  theoretical  path  will  inevitably  leJid 
to  dinicultv. 

All  of  the  al)ove  is  intended  to  impress  the  student  with  the 
idea  that  theoretical  principles  are  his  best,  in  fact,  his  only  tools 
to  work  with  :  but  thoy  are  not  '' self-hardening,"  like  **  mushet '* 
steel:  they  are  like  tlie  finest  jnrrade  of  tool  steel,  which  must  be 
tempered  and  i^round  and  used  with  the  best  judgment  of  the 
operator,  to  secure  the  most  satisfactory   results. 

Student  Drawings.  A  student's  early  drawings  are  usually 
unsatisfactory,  even  to  himself.  Somehow  they  do  not  look  like 
tliose  seen  in  shops,  and  as  a  I'ule  he  is  unable  to  see  why  this  is 
so.  Of  couisi'  the  difference  is  to  some  extent  due  to  the  experi- 
ence of  the  professional  draftsman.  However,  the  superior  results 
of  tlie  lattrr's  work  are  attained  larufelv  througrli  his  systematic 
and  workmanlike  habits  of  execution.  It  should  eneouraofe  the 
student   in    his  early  attempts   to  know  that  these  essentials  to 
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the  infusion  of  life  and  shop  spirit  into  a  drawing  can  be  analyzed, 
outlined  and  grasped  at  the  outset  by  earnest,  intelligent  effort, 
and  really  good  workmanlike  results  obtained.  To  discuss,  and  if 
possible  to  impart  these  essentials  of  a  working  shop  drawing  to 
the  student,  is  the  purpose  of  the  present  book. 

Essentials.  The  two  chief  essentials  of  a  shop  drawing, 
under  which  general  heads  a  multitude  of  detail  requirements 
can  Ije  summed  up,  are : 

(1.)  Absolutely  complete  and  definite  instructions  from  de- 
signer to  workman. 

(2.)  Least  possible  cost  in  dollars  and  cents  of  production 
of  the  drawing  measured  by  the  dniftsnian's  time. 

It  makes  no  difference  how  much  we  may  attempt  to  disguise 
these  two  elements,  the  fact  will  still  be  apparent  that  "  complete 
instructions  furnished  for  the  least  money ''^  is  what  the  manufac- 
turing shop  is  after,  and  what  will  be  assumed  as  a  bisis  for 
judgment  as  to  highest  commercial  utility. 

Completeness  of  Drawings.  As  to  the  first  point,  that  of 
completeness  and  definiteness  of  instruction,  there  must  be  no 
question  of  degree.  If  the  information  which  the  drawing  fur- 
nishes is  positive  and  complete,  the  drawing  is  good.  If  doubt 
arises  in  the  workman's  mind  as  to  what  the  designer  intended  by 
a  certain  line  or  dimension,  or  if  the  dimension  be  omitted,  the 
drawing  is  bad.  There  is  no  middle  ground.  The  instructions 
are  either  present  or  absent,  and  the  drawing  good  or  bad  accord- 
ingly- 

The  workman  of  to-day  is  not  permitted  to  assume  dimen- 
sions or  shape.  It  is  his  business  to  execute  the  draftsman's 
orders ;  it  is,  however,  often  his  privilege  to  choose  his  own  way 
of  doing  it,  but  further  than  this  modern  practice  does  not  allow 
him  to  go.  He  is  held  as  rigidly  to  the  orders  specified  by  the 
drawing  as  the  locomotive  engineer  is  held  to  his  bit  of  tissue 
telegraphic  order  to  proceed,  without  which  he  dare  not  enter  the 
next  block.  The  drawing  is  supreme  ;  it  is  official ;  it  musi  oe 
plain,  direct  and  all-sufficient.  It  is  the  draftsman's  business  to 
make  it  thus,  and  he  is  not  a  draftsman  until  he  does. 

This  idea  of  positiveness  must  be  thoroughly  absorbed  by  the 
student.     Positive  action  must  be  a  habit  which  controls  Iiis  evei*y 
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move,  which  marks  every  dimension  he  prints,  wliich  directs  every 
line  he  draws.  Every  line*  must  mean  something,  must  have  a 
definite  reason  for  existence,  must  be  necessary  to  illustrate  the 
idea  which  he  wishes  to  convey  to  the  workman,  and  every  line 
must  be  a  definite  measural)le  distance  from  every  other  line,  so 
that  its  location  is  fixed  beyond  a  doubt.  Lines  which  juean 
nothing,  and  cannot  be  measured,  have  no  place  on  the  drawing; 
they  only  confuse  it. 

A  good  picture  of  a  machine  could  scarcely  be  called  to  the 
same  service  as  a  good  drawing  of  it.  The  picture  might  give  us 
an  excellent  idea  of  the  machine,  but  for  the  purpose  of  the  actual 
construction  the  picture  is  useless,  while  the  drawing  is  of  positive 
value.  This  value  exists  simply  because  of,  and  in  proportion  to, 
the  completeness  of  detnil  which  it  shows.  Hence  in  making  a 
shop  drawing  tlie  picture  idea  is  entirely  8ulx)rdinate  to  the  idea 
of  Utility y  the  latter  in  fact  being  the  measure  of  its  value. 

Tliere  are  ceitain  classes  of  drawings — of  which  the  Patent 
Office  drawing  is  a  good  example — in  the  making  of  which  the 
picture  idea  is  predominant.  Here  the  purpose  is  to  illustrate 
mechanisms,  not  construct  them ;  hence  the  function  of  the  draw- 
ing is  in  no  wise  tiiat  of  the  working  shop  di*awing,  and  as  such 
does  not  fall  within  our  discussion. 

CoHt  of  Pro'luo'uif]  Dri(trlnf/8.  The  second  general  element 
involved  in  prodiu-ini^  shop  drawings  is  their  cost,  as  measured 
by  the  draftsman's  time.  It  is  somewhat  sul)onlin:iti'  to  the  first 
element,  for  the  drawing  must  be  a  good  one,  judgi'd  by  an  abso- 
lute standard,  whatever  the  time  or  cost  necessary  to  produee  it. 
Cost,  however,  is  an  important  item,  and  cannot  well  be  over- 
looked. It  is  inevitable  that  in  any  enterprist*  economy  will 
nltimatelv  be  soun^jit^  wliatever  extravai^ance  an  imperative  orig- 
inal d(Mnan(l  may  have  permitted.  This  is  as  true  in  the  produc- 
tion of  drawiiiLis  as  in  tlie  case  of  manufactured  articles  of  trade. 
Drafting-room  labor  is  a  leLitively  high-priced  service,  and  tho 
salary  list  (easily  assumes  eonsid  -rable  j)roporlions,  so  that  wasteful 
excesses  count  up  ia[)i(lly.  One  of  tlu^  qualifications  of  proficiency 
invariably  re(juirc(l  for  this  department  of  shop  organization  is 
rapidity  of  execution.  Tliis  is  m^tas  dependent  upon  personal  tiaits 
ius  at  first  might  be  supposed.    A  man  may  so  husband  his  time  and 
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direct  his  efforts  that  he  will  easily  distance  his  neighbor  of  more 
rapid  motion.  The  latter  may  have  less  ability  to  make  his  ener- 
gies count,  and  lack  of  judgment  as  to  when  just  enough,  and  no 
more  than  enough,  energy  has  been  expended  on  his  drawings. 
From  the  standpoint  of  Utility^  the  function  of  a  drawing  is  ful- 
filled when  it  has  reached  the  stage  that  it  completely  instructs ; 
more  time  spent  in  elaboration  is  wasted,  and  is  an  unnecessary 
and  therefore  extravagant  expenditure.  The  student  must  fully 
realize  this.  In  his  earnestness  to  produce  finished  and  complete 
work  he  must  constantly  strive  to  accomplish  results  in  the  least 
possible  time.  This  does  not  mean  careless  haste;  far  from  it.  A 
complete  shop  drawing  cannot  be  made  by  short  cuts,  bat  through 
a  systematic  building  of  line  on  line,  dimension  on  dimension. 
This  is  in  sharp  contrast  to  a  haphazard  habit  of  developing  a 
di-awing,  fii"st  a  line  here  and  then  a  figure  there,  with  no  definite 
purpose  in  mind,  and  no  hint  as  to  when  the  drawing  is  actually 
completed. 

The  one  method  constitutes  the  efficient  draftsman  who 
works  easily,  receives  a  high  salary,  and  is  worth  it,  because  he 
wastes  no  time  in  unnecessary  labor.  The  other  marks  his  unfor- 
tunate brother,  plodding  laboriously  far  behind,  receiving  a  small 
pittance  p^r  hour,  and  worth  less,  because  he  does  uncalled-for 
labor,  and  loses  his  definiteness  of  purpose  in  a  maze  of  unexplain- 
able  lines  and  figiires. 

A  ivorkin^  shop  drawing,  commercially  considered,  may  well 
l)e  defined  as  being  '^  Complete  instruction  from  designer  to  workman 
issued  at  minimum  expensed 

This  definition  should  be  memorized  by  the  student,  and  con- 
stjintly  kept  in  mind  while  making  a  drawing.  The  preceding 
pages  should  be  re-read  with  tliig  in  view  until  the  full  spirit  is 
appreciated. 

The  maxim  as  given  above,  if  faithfully  adhered  to  without 
modification,  answers  nearly  every  question  that  can  be  raised  as 
to  the  excellence  of  a  drawing,  it  can  be  used  as  a  standard  of 
judgment,  whatever  system  of  lines  or  symbols  may  be  in  vogue. 
It  permits  a  draftsman  to  adjust  himself  to  the  rules  of  any  shop 
or  drawing-room,  and  yet  produce  a  good  drawing  and  satisfy 
his  employer. 


8  MECHANICAL     DRAWING. 

A  drawing  which  is  cheaply  produced  and  at  the  same  time 
does  perfectly  that  for  which  it  was  made,  that  is,  convey  complete 
instruction,  is  l)eyond  commercial  criticism. 

Method  of  Procedure.  As  the  general  objects  to  be  attained 
in  a  working  shop  drawing  liave  now  been  presented,  it  is  neces- 
sary to  indicate  in  detail  liow  the  work  may  be  properly  accom- 
plished. In  order  to  do  tliis,  it  is  proposed  to  produce  systematically 
a  full  set  of  working  drawings  of  a  familiar  and  comparatively 
simple  machine.  The  methods  used  will  be  those  of  a  designing 
detail  draftsman,  producing  commercial  work  fit  for  shop  use. 
In  tlie  progress  of  the  work,  fi*om  its  beginning  in  the  rough, 
though  accurate,  pencil  layout,  to  the  completion  of  the  tracings 
and  the  order  sheets,  the  same  bold  style,  clearness,  directness  and 
businesslike  spirit  which  the  shop  atmosphere  and  surroundings 
would  naturally  supply,  will  be  emphasized,  and  so  far  as  possible 
imparted  to  the  student.  It  is  expected  that  the  student  will  fol- 
low the  text  closely  and  study  the  plates  carefully,  endeavoring 
to  familiarize  himself  with  every  detail  illustrated.  The  more 
closely  he  is  able  to  apply  himself  in  this  respect  the  more  will 
he  be  able  to  parUike  of  the  life  and  spirit  which  is  intended  to  be 
conveyed,  and  without  which  the  true  character  of  the  work  can 
be  but  poorly  developed. 

Incidentally,  several  purposes  will  be  fulfilled  by  this  treat- 
ment. 

Ability  to  n'ad  drawinf]^s  quickly  and  intelligently  is  almost 
as  important  as  making  them,  and  it  is  expected  that  the  study 
of  the  phites,  with  a  view  to  thoroughly  understanding  every  line, 
will  dt'veloj)  prolicitMicv  in  the  art  of  reading  dmwings. 

Tlie  <liseussion  in  tlit^  text,  of  not  only  the  form  of  the 
machine  parts  themselves,  but  also  the  tools  and  shop  processes 
to  product;  thfm,  affords  considerable  insight  into  the  influences 
affecting  ^j^oml  machine  (U'siirn.  Without  introducing  any  mathe- 
ni  itical  analysis  or  investi<^ation,  whicli  is  beyond  the  province 
of  this  l)(»(»k,  much  {)ractical  cnnsideration  as  to  the  restrictions 
imjM)sc(l  l)y  cxistint;  shoj)  mrtliods  upon  theoretical  construction 
will  he  suL^'^gcsteil,  and  the  student  encouraged  to  use  his  judgment 
thereon. 

In  tlie  })reliniinary  layouts  the  actual  "sketchy"  appearance 
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of  the  pencil  drawing  will  be  imitated  as  far  as  possible,  so  that 

the  student  himself  may  imitate  and  catc*h  the  bold  dash,  yet  fine 

accuracy,  of  the  line-work,  which  is  characteristic  of  the  expert 

draftsman. 

The  completeness  of  a  set  of  drawings  is  as  important  a  lesson 

as  the  completeness  of  each  drawing  itself.  In  this  is  involved 
the  proper  arrangement  and  classification  of  details,  the  foundation 
biyoiit,  and  the  system  of  order  sheets  for  getting  work  into  and 
through  the  shops.  This  is  a  feature  which  very  strongly  affects 
some  of  the  finishing  touches  to  a  drawing,  for  it  is  so  easy  to  omit 
a  "few  last  things  "and  turn  in  an  uncompleted  sheet.  Every 
draftsman  knows  how  many  little  things  come  up  toward  the  close 
of  a  job  involving  complete  drawings  of  a  machine,  and  how 
strong  the  tendency  is  to  omit  them,  and  relieve  himself  of  some- 
what tedious  details.  The  result  is  irritation  and  delay  when  the 
drawings  get  into  the  shop,  and  they  return  to  the  drawing  room 
to  be  fixed  up  at  a  time  probably  inconvenient  for  all  parties  con- 
cerned. A  good  draftsman  will  turn  in  a  complete  set  of  complete 
drawings.  It  is  highly  important  tliat  the  student  grasp  this  idea, 
and  study  his  work  accordingly. 

DUPLEX    PUMP   PLATES. 

The  typical  set  of  plates  chosen  for  this  book  in  fulfillment  of 
the  alx)ve  purposes,  takes  up  the  study  of  a  simple,  duplex  steam 
pump.  This  particular  type  of  machine  represents  the  simplest 
and  most  elementary  form  of  the  steam  engine  in  modern  use  in 
respect  to  valve  gear  and  controlling  devices.  It  is  not  an  eco- 
nomical machine,  yet  its  principles  lie  at  the  foundation  of  the 
economical  high-speed  engine,  the  latter  being  produced  through 
a  modification  of  the  uneconomical  valve  gear  such  as  is  found  on 
a  pump  of  the  type  chosen,  rather  than  through  any  radical  change 
of  construction  as  to  the  body  of  the  machine.  Ilence  the  study 
of  a  steam  pump  may  well  precede  that  of  higher  forms  of  the 
steam  engine.  It  is  hoped  that  the  study  will  so  interest  the  stu- 
dent that  he  will  be  led  to  further  investigation  and  development 
not  only  of  the  steam  engine  itself,  but  of  that  highly  inij)ortant 
division  of  modern  engineering, — pumping  machinery. 

Thus  we  note  another  point  of  advantage  in  the  study  as  out- 
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lined.  The  power  end  of  the  machine  introduces  us  to  the  steam 
engine ;  the  load  end  is  the  beginning  of  the  engineering  of  pump- 
ing machinery. 

Rating  of  Pump,  A  steam  pump  is  rated  by  the  bore  of  its 
cylinders  and  length  of  stroke,  all  being  given  in  inches.  A 
"  16  X  8|  X  12  pump"  means  that  the  steam  cylinder  is  16  inches 
in  diameter,  the  water  plunger  8 J  inches  in  diameter,  and  the 
nominal  length  of  stroke  12  inches.  These  sizes  are  always  given 
in  the  same  order,  beginning  with  the  diameter  of  the  smallest 
cylinder  (in  case  there  is  more  than  one),  then  the  diameter  of 
water  plunger,  the  common  stroke  of  both  being  placed  last. 
This  expresses  to  the  mechanic  the  rating  of  the  pump  in  the 
clearest  style  and  briefest  language. 

The  pump  illustrated  here  is  designed  for  standard  service, 
operating  under  a  steam  pressure  not  to  exceed  100  pounds  per 
square  inch,  water  pressure  not  to  exceed  150  pounds  per  square 
inch,  and  the  rated  capacity  based  on  an  average  piston  speed  of  100 
feet  per  minute  being  about  550  gallons.  This  requires  that  each 
side  of  the  pump  shall  handle  275  gallons,  and  being  double  act- 
ing, shall  make  100  reversals  or  50  double  strokes  per  minute. 

Plate  A.  5team  End  Layout.  This  plate  illustrates,  as 
nearly  as  reproduction  can  accomplish,  the  pencil  layout  of  the 
steam  end.  It  is  the  first  woik  of  the  designing  draftsman. 
The  drawing  as  shown  is  exactly  the  type  of  layout  which  he 
would  turn  over  to  a  detail  draftsman,  wnose  duty  it  would  be  to 
woik  up  detail  shop  drawings  therefrom. 

The  character  of  this  drawing  should  be  carefully  studied. 
Remember  that  it  is  a  layout,  nothing  more ;  also  bear  m  mind 
that  it  is  an  exact,  measurable  working  sketch.  Attention  is  called 
to  the  sharpness  of  the  lines,  especially  to  the  clean-cut  intersec- 
tions. Note  the  boldness,  dash  and  businesslike  style,  the  free- 
hand cross-section  lines  roughly  put  in.  There  is  no  hesitation  or 
worry  as  to  where  the  end  of  a  line  shall  be,  or  whether  it  crosses 
other  lines  which  it  theoretically  should  not.  The  intersections 
are  allowed  to  indicate  the  termination  of  lines,  and  the  rough 
section  lines  pick  out  the  parts  and  separate  them  clearly  to  the 
eye.  There  is  the  spirit  in  this  layout  of  confident,  definite  and 
rapid  action,  v[\\\  no  thought  for  absolute  finish  in  line-work,  but 
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witli  every  thought  for  absolute  results  as  to  measurable  dimen- 
sions. 

The  datA  for  tlie  production  of  Plate  A  by  the  student  are 
mtlier  more  complete  than  he  would  usually  find  in  practice. 
Phites  E,  F  and  G  show  many  details  fully. 

Tlie  steam  cylinder  and  head,  however,  as  shown  in  Plate  G, 
are  not  dimensioned,  and  tbe  student's  problem  is  to  produce  this 
platen  complete,  with  finish  marks,  dimensions  and  necessary  data 
for  a  working  drawing.  In  order  to  do  this  it  is  first  necessaiy 
to  work  up  Plate  A  with  exactness,  in  pencil,  and  see  that  all 
parts  go  together  prc)j>erly.  Then  the  detail  of  cylinder  and  head 
may  be  made  separately  by  measurement  of  the  layout  di-aNving, 
and  Plate  G  produced. 

For  this  work  the  ordinary  brown  detail  paper  is  very  satis- 
factory. A  bard  lead  pencil  is  necessary,  as  hard  as  6H,  and  the 
point  must  be  kept  well  sharpened. 

There  are  two  general  rules  of  action  in  producing  a  drawing 
which  give  the  answer  to  the  question  which  oftenest  confronts 
the  beginner:  ''What  is  to  he  done  first?'*  or  **  What  is  to  be 
done  next?  "     These  rules  are  : 

1.  DiJiw  everything!:  that  is  j>ositively  known. 

2.  Work  from  tlie  inside  to  the  outside. 

Every  jirobleni  has  some  positive  data,  assumed  or  calculated, 
to  start  witli.  Thi^  iirst  thing  to  do  in  every  case  is  to  get  this 
data  re[)n'S(iite(l  by  lines  on  the  paper.  An  expert  designer  has 
been  heard  to  say  that  until  he  had  spoiled  the  blankness  of  his 
sheet  of  })aper  by  some  lines,  he  could  not  design.  There  is  some- 
thin  ij^  in  tills ;  and  almost  invariably  the  first  line  to  draw  is  a  hori- 
zontal center  line  somewhere  near  the  middle  of  the  sheet;  draw 
it !  Draw  it  at  once  without  hesitation,  and  the  layout  is  begun. 
We  now  have  something  about  which  to  build. 

In  this  case  the  designer  would  first  calculate  the  size  of  the 
})iston  rod,  and  determine  the  fastening  to  the  piston.  He  would 
then  draw  the  rod  and  build  a  hub  around  it.  He  would  next 
calculate  the  width  or  thickness  of  piston  and  size  of  packing 
rings,  and  draw  the  two  vertical  lines  5  inches  apart,  to  indicate 
the  piston  faces.  These  lines  would  be  limited  by  the  cylinder 
bore,  which  he  knows  to  be  16  inches;  hence  horizontal  lines  16 
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inches  apart,  parallel  to  and  symmetrical  with  the  center  line,  are 
the  next  to  be  drawn.  Short  vertical  lines  indicate  the  location 
of  the  packing  rings.  As  the  nominal  travel  of  the  piston  is 
to  be  12  inches,  the  location  of  the  piston  and  rings  can  be 
shown  on  both  sides  of  the  central  vertical  line  at  the  limits  of 
travel.  A  clearance  must  exist  between  the  heads  and  the  piston 
(in  this  case  J  inch  is  allowed),  hence  the  lines  of  the  heads  can 
be  drawn,  and  the  general  inside  outline  of  the  cylinder  barrel  is 
complete. 

This  is  all  in  direct  application  of  the  foregoing  rules,  and  is 
so  simple,  natural  and  direct  that  it  hardly  requires  such  explicit 
statement.  We  have  simply  taken  such  data  as  we  had  and  put 
it  on  paper,  placing  it  where  it  can  be  seen  from  all  sides,  and 
where  the  mind  is  relieved  of  the  labor  of  carrying  it. 

If  the  student  will  only  appreciate  this  one  rule  and  draw  all 
he  knows  about  the  problem,  he  is  well  on  his  way  to  its  solution. 
Draw  everything  you  know,  and  tvork  for  what  you  don't  knotv^  is 
what  these  two  rules  say,  and  the  fii-st  question  to  arise  should  be : 
"  Have  I  drawn  everything  that  is  known  alK)ut  the  problem  ? " 
before  he  asks  himself  or  any  one  else :  "  What  shall  I  do  next?'' 
One  other  rule  might  be  added  to  these  two :  Keep  dimensions 
in  even  figures^  if  possible.     This  means  that  small  fractions  should 
be  avoided.     It  is  just  as  easy  to  bear  this   point  in  mind,  and 
save   the  workman   much  annoyance  and  chance  of  error,  as  it 
is  to  disregard  this  matter.     Even  figures  constitute  one  of  the 
trade-marks  of  an  expert  draftsman.     Of  course  a  few  small  frac- 
tions, and   sometimes   decimals,   will    be   necessary.     Remember, 
however,  that  fractions  must  in  every  case  be  according  to  the 
common  scale ;  that  is,  in  sixteenths,  thirty-seconds,  sixty-fourths, 
etc. ;  never  in  thirds,  fifths,  sevenths,  or  such  as  do  not  occur  on 
the  common  machinist's  scale. 

A  systematic,  definite  mode  of  treatment  on  these  lines  must 
become  a  habit,  so  that  all  problems,  however  complicated,  can  be 
approached  with  confidence  in  the  same  way.     It  is  the  drawing  of 
one    line    which  makes  clear  the  drawing  of  the  next  and  sub- 
sequent lines;  and  the  most  serious  obstacle  which  the  student  is 
likely  to  set  for  himself  is  trying  to  see  the  whole  problem  through 
from  the  beginning.     Even  an  expert  cannot  do  this,  but  allows 
the  layout  to  develop  results  as  he  proceeds. 
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The  details  of  the  piston  and  rod  being  given  in  Plate  E,  the 
foregoing  work  is  very  easy  for  the  student.  The  thickneas  of 
the  barrel  and  lieads  being  determined  (|  inch  in  this  case),  the 
exterior  outline  may  be  partially  drawn.  The  fixed  head  at  the 
yoke  end  must  be  thicker  than  this,  in  order  to  receive  the  yoke 
and  stuffing-lx)X  bolts  without  breaking  through.  The  recesses 
or  counterl)ores  at  either  end  of  the  cylinder  should  be  so  located 
that  the  packing  rings  run  over  the  edge  a  little  at  the  end  of  the 
stroke,  thus  preventing  the  wearing  of  a  shoulder  by  the  piston 
stopping  in  the  same  place  every  time.  The  counterbore  should 
be  deep  enough  to  allow  reboring  the  cylinder  without  the  counter- 
bore  being  touched  by  the  tool.  In  this  way  the  counterbore  is 
retained  to  center  the  cylinder  at  its  original  location. 

The  size  of  steam  ports  having  been  calculated,  they  may  be 
drawn  in,  the  turns  being  made  easy  and  as  direct  as  possible. 
The  height  to  valve  seat  must  be  kept  at  the  lowest  limit  consist- 
ent with  sufficient  metal  l)etween  and  outside  of  the  ports.  As  the 
detiiil  of  the  ports  might  be  somewhat  troublesome,  it  is  shown  in 
an  enlarged  sketch  for  the  student's  benefit.  Chipping  or  filing 
strips  ^  inch  high  are  left  on  the  port  edges,  which  must  be  true, 
in  order  to  finish  them  up  easily. 

Tlie  tliree  inner  })orts  are  for  exhaust,  the  outer  ones  for 
admission  of  steam.  This  five-ported  cylinder  is  peculiar  to  the 
direct  jicting  steam  ])umi),  it  b(?ing  a  device  to  effect  the  cushion- 
ing of  the  piston  at  tin;  end  of  the  stroke,  thus  preventing  the 
piston  from  striking  tlie  heads.  This  is  necessary,  since  no  posi- 
tive limit  of  ni(>ti()ii  exists,  as  is  the  case  in  machines  with  crank 
and  connecting  rod. 

Wlirn  the  cdi^e  of  the  j)ist()n  has  passed  the  outer  edge  of  the 
exhaust  port,  as  shown  in  Fig.  1,  the  steam,  which  has  been  exhaust- 
ing tln'ougli  port  A,  is  eonlined  in  space  B  and  port  C,  and,  being 
compressed  hy  the  [)istoii,  acts  like  a  s{)ring  to  retard  its  motion. 
If  the  point  V  is  properly  determined  for  a  given  speed,  the  piston 
will  always  compress  the  steam  just  enough  to  cause  it  to  stop  at 
the  end  of  the  nominal  stroke;  in  this  ease,  |  inch  from  the  head. 
It  is  (evident,  liowevcr,  tliat  at  different  speeds  the  piston  will  have 
more  or  less  power  to  compress  the  steam,  and  will  not  stop  at  the 
point  desired.     This  causes  the  trouble  of  "short  stroke,**  and 
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consequent  inability  to  make  the  pump  woi-k  to  its  full  capacity. 
Now  if  we  connect  ports  A  and  C  by  a  small  opening  shown 
dotted  at  D,  and  control  this  opening  by  a  plug  valve  operated  by 
hand  from  the  outside,  we  can  let  a  little  steam  leak  by  into  port 
A,  thus  reducing  the  cushion  and  allowing  full  stroke. 

In  order  to  avoid  complicating  the  drawing,  no  cushion  valves 
are  shown  or  requii-ed  to  be  put  on  by  the  student.  They  are  not 
customary  in  small  pumps,  but  might  advantageously  be  put  on 
the  present  illustratiun. 


Fig.  1. 


The  valve  seat  must  be  a  scraped  sur^e,  while  the  chest 
face  need  not  be ;  hence  the  latter  is  finished  J  inch  lower.  This 
also  gives  a  ledge  against  which  the  steam  chest  fits,  thus  securing 
positive  location. 

The  bolting  of  the  heads  and  the  steam  chest  should  allow  a 
width  of  packing  inside  of  the  bolts  of  ^  to  |  inch,  otherwise  there 
is  danger  of  tlie  steam  blowing  out  the  packing  and  causing  leak- 
age around  the  bolts.  The  bolts  do  not  fill  the  holes,  the  latter 
being  drilled  large,  from  -jJy  to  J  inch.  The  spacing,  if  wider  than 
5  or  6  inches,  is  likely  to  permit  springing  of  the  flanges  betw<:en 
the  bolts,  and  consequent  leakage.  Bolts  less  than  |  inch  diame- 
ter are  not  desirable,  as  they  can  be  easily  twisted  off  with  an 
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ordinary  wrench.     In  this   case   the  cylinder  head  takes  |-inch 
bolts,  the  yoke,  stuflSng-box  and  gland,  |-inch. 

The  flanges  of  heads  and  cylinders  are  usually  from  25  per 
cent  to  50  per  cent  thicker  than  the  body  of  the  casting. 

Drips,  \  -inch  pipe  tap,  to  be  fitted  with  cocks,  are  necessary 
at  both  ends  of  the  cylinder  to  readily  drain  the  cylinder  of  water. 

Molding/  of  Steam  Cylinder.  The  design  is  often  influenced 
by  the  way  in  which  the  piece  is  to  be  cast.  It  often  takes  but  a 
slight  change  of  design  to  save  many  dollars  in  pattern  making  and 
foundry  work.  Hence  the  habit  should  be  formed  of  always  judg- 
ing the  design  of  a  piece  from  the  foundry  standpoint.  In  this 
case  it  is  evident  that  the  ports  and  cylinder  bore  must  be  cored 
out,  and  the  most  obvious  position  of  molding  is  to  lay  the  cylinder 
on  its  side,  the  parting  line  of  the  flask  being  along  a  vertical 
plane  running  lengthwise  through  the  middle  of  the  cylinder. 
This  permits  the  chest  flanges  to  draw  nicely,  likewise  the  ribs  on 
the  foot,  and  allows  the  thin  curving  port  cores  to  stand  edgewise 
in  the  mold. 

Another  method  of  molding  would  be  with  the  valve  seat 
down.  This  would  involve  loose  pieces  for  the  chest  flanges,  and 
setting  of  cOres  for  the  cylinder  foot.  It  would,  however,  assure 
sound  metal  Ix^yond  question  at  the  valve  seat.  Spongy  metal  at 
the  important  wearin<^  surfaces,  the  valve  seat  and  cylinder  boi'e, 
is  not  perniissil)le  in  any  case,  and  care  in  molding,  and  good 
design,  is  necessary  for  good  results. 

All  coiners  must  Ix'  carefully  filleted,  and  chunks  of  metal 
must  be  avoided,  especially  where  several  walls  or  ribs  join. 
The  metal  must  be  kept  of  average  uniform  thickness,  so  that  the 
whole  castinjj:  will  cool  uniformly. 

Machhiiinj  of  Steam  Ciflinder,  The  boring  may  be  done  on 
a  vertical  l)oiiiig  mill,  the  heavy  arm  cariying  the  tool  being 
thrust  d(»\vii  unsn])j)orted  into  the  cylinder,  the  latter  being  rotated 
by  tlie  tahle  lo  which  it  is  clamped.  If  the  horizontal  boring 
machine  be  used,  the  hole  through  the  inside  head  for  the  stuffing 
1k)x  must  be  lart^e  enouL^h  to  permit  a  stiff  boring  bar  to  be  passed 
through.  This  allows  a  support  at  each  end  of  the  bar,  to  take  the 
strain  of  the  cut. 

The  plane  surfaces  may  be  finished  on  a  reciprocating  planer 
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or  a  rotary  planer.  In  the  latter  case  it  is  desirable  to  keep  all 
lugs  or  projections  back  from  finished  surfaces,  to  permit  the  large 
round  head  which  carries  the  cutters  to  pass  over  them  without 
interference. 

The  drilling  of  standard  machine  parts  of  this  character  is 
usually  done  through  jigs,  or  plates  carrying  hardened  steel  bush- 
ings laid  out  to  correspond  with  the  holes  required,  and  through 
which  the  drill  is  guided.  These  plates  are  located  by  some  fixed 
line  or  lug  on  the  casting,  and  then  clamped  fast,  tlius  assuring 
exact  duplication  and  rapid  drilling,  and  avoiding  tlie  tedious 
laying  out  of  the  holes.  In  order  to  save  changing  the  drill  it  is 
desirable,  if  possible,  to  maintain  the  same  size  of  hole  on  any 
given  surface.     Of  course  it  is  not  always  admissible  to  do  this. 

Plate  Q.  5team  Cylinder.  After  the  exact  and  complete 
development  of  the  steam-end  layout,  the  student  should  be 
pretty  thoroughly  acquainted  with  the  details  of  the  cylinder. 
All  the  work  thus  far  has  been  entirely  for  his  own  information, 
to  get  his  ideas  in  visible  shape,  so  that  he  himself  can  have  a  per- 
manent record  of  them.  This  layout,  however,  is  not  in  suitfible 
form  to  finish  up  into  a  detail  drawing.  Its  sketchy  nature  and 
the  confusion  of  parts,  especially  if  atteTn[)t  were  made  to  add 
dimensions,  would  render  it  somewhat  dilHeult  to  be  read  by  a 
workman  taking  it  up  as  an  imfamiliar  subject.  Hence  it  is  now 
necessary  to  separately  detail  the  parts,  with  the  object  in  view  of 
transferring,  in  the  simplest  and  most  direct  manner,  specific  infor- 
mation to  the  workman  which  will  enable  him  to  construct  the 
several  parts.  It  is  not  enough  now  that  the  drawing  be  clear  to 
the  man  who  makes  it ;  it  must  be  clear,  ahmjluteAy  clear^  to  the 
shop  mechanic,  who  has  no  means  of  knowing  the  designer's  plans 
except  through  the  information  which  the  drawing  gives  on  its 
face. 

This  requires  that  the  draftsman  should  put  himself  in  the 
workman^s  place,  and  forestall,  by  the  explicit  nature  of  his  draw- 
ing, all  possible  questions  which  may  arise  in  the  shop.  In  this 
way  only  can  he  hope  to  avoid  errors  of  construction  and  the  con- 
tinual annoyance  of  endless  explanation  of  liis  orders. 

Plate  G  is  to  be  a  finished  drawing,  and  the  first  thing  to  do 
is  to  lay  out  the  sheet.     The  standard  sheet  for  details  which  has 
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been  adopted  is  18  X  24  inches  trimming  size,  with  ^  inch  margin 
all  round,  so  that  the  working  space  is  17  X  23  inches.  The  rec- 
tangle for  the  title  is  to  be  laid  off  2 1^  X  4  inches  in  the  lower 
right-hand  corner,  and  must  never  be  altered,  either  in  size  or 
position.  This  does  not  mean  that  other  sizes  are  wrong,  but 
once  a  standard  system  is  adopted  it  must  be  strictly  adhered 
to,  both  for  artistic  and  commercial  reasons.  The  scale  to  which 
the  drawing  is  to  be  made  is  indicated  in  the  title  corner  on  every 
plate. 

The  scales  permissible  for  shop  drawings  in  the  United  States 
are  those  readily  derived  from  the  common  foot  rule,  such  as 
full  size,  6  inches  :=  1  foot,  3  inches  =  1  foot,  1|-  inches  = 
1  foot.  These  are  the  most  common,  most  easily  read  from  an 
ordinary  scale,  and  one  of  these  can  usually  be  adopted.  The 
student  should  learn  to  read  these  from  an  ordinary  scale  without 
being  confined  to  a  special  graduation.  To  do  this  it  is  not 
necessary  to  divide  each  dimension  by  2,  4  and  8  to  get  half  size, 
quarter  size,  or  eighth  size,  and  then  lay  down  the  result.  For 
half  size,  or  6  inches  =  1  foot,  ^  inch  on  an  ordinary  rule  repre- 
sents 1  inch.     Hence,  each  half  inch  may  be  read  as  1  inch,  and 


its  subdivisions  accordingly,  thus : 
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=  1  foot,  or  quarter  size,  |   inch  represents  1   inch,  and   looks 
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For  3^  inches  =  1  foot,  or  eighth  size, 


I  inch  represents  1  foot,  and  looks  thus  : 
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is  very  easy  to  get  accustomed  to  this,  and  it  saves  much  time 
and  trouble  hunting  up  a  special  scale  every  time. 

The  other  allowable  scales,  less  common,  but  sometimes 
necessary  on  large  work,  are  1  inch  =  1  foot,  |  inch  =  1  foot,  J 
inch  =  1  foot,  I  inch  i=  1  foot,  ^  inch  =.  1  foot,  and  ^  inch  = 
1  foot.  To  use  these  scales  conveniently,  special  graduation  is 
desirable. 

The  genei-al  arrangement  of  the  sheet,  number  of  views  and 
approximate  space  occupied,  should  be  blocked  out  first.  This  can 
easily  be  done  from  the  original  layout.     In  general,  several  cross- 
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sections  are  preferable  to  a  single  view,  which  involves  many 
dotted  lines.  Dotted  lines  are  very  convenient  for  showing  invisible 
parts  of  an  object,  but  tliey  are  often  abused,  and  the  drawing 
of  a  complicated  piece  made  indefinite  and  confused  thereby.  As 
already  stated,  a  working  shop  drawing  is  solely  to  convey  infor- 
mation to  the  workman  at  the  least  possible  cost.  A  careful 
consideration  of  tliis  will  settle  the  question  of  the  number  of 
views  necessary,  their  character,  and  the  amount  of  dotted  line 
work  desirable. 

Never  let  the  dniwing  become  the  master ;  always  be  master 
of  the  dmwing.  Do  not  draw  an  extra  view  if  no  use  can  be 
seen  for  it.  Do  not  put  in  dotted  lines  if  the  detail  is  completely 
shown  without  them.  Full  lines,  or  lines  which  show  visible  por- 
tions must,  of  course,  be  shown  completely. 

The  nature  of  the  pencil  work  on  Plate  G  should  be  the 
same  as  on  the  original  layout ;  viz.,  sharp,  definite  lines  and  posi- 
tive intersections.  Above  all  things  learn  the  habit  of  accui'ate 
workmanship,  for  it  will  save  many  errore  and  a  vast  amount  of 
time^  The  draftsman  must  check  himself  at  every  line  he  draws. 
Slight  errors  in  scaling  will  often  throw  parts  out  of  proper  rela- 
tion to  each  other,  and  interferences,  which  the  drawing  does 
not  show,  will  become  apparent  only  when  the  parts  get  into  the 
machinist's  liands. 

It  is  dangerous  practice  to  project  across  from  one  view  to 
the  other.      It  only  takes  a  slight  irregularity  or  spring  in   the  T- 
square  to  vary  the  location  of  lines  very  perceptibly  from  wliere 
tliey  sliould  be,  and  once  out  of  scale  from  tliis  reason  it  is  almost 
impossible  to  work  a  view  with  any  eertiiiuty.      Rather  than   pro- # 
ject  across  from  view  to  view,  tlie  j)rincij)al  lines,  at  least,  should] 
l)e  scaled  off  on  eacli  view,  and  it  will  he  found  that  in  the  end  " 
time  will  l)e  saved  and  great(»r  accuracy  secured. 

It  is  not  economical  of  time  to  finish  one  view  before  besrin- 
ning  another.  It  is  better  to  take  some  single  detail  of  the  draw- 
ing and  develop  it  in  all  views,  in  order  to  study  it  from  all 
sides.  What  is  completed  in  one  view  may  be  found  to  be  totally 
wrong  when  developed  from  another  side,-  and  the  time  spent  on 
the  lii'st  view  will  be  wholly  wasted.  For  example,  in  the  present 
case  the  steam  ports  should  he  drawn  in  side  elevation,  end  eleva- 
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tion  and  plan,  and  when  thus  completed  the  mind  can  leave  them 
and  in  a  similar  fashion  take  up  the  study  of  the  flanges,  then  the 
cylinder  foot,  and  so  on.  Thus  again  the  draftsman  is  master  of 
his  drawing,  for  he  is  continually  making  it  tell  him  whether  he 
is  right  or  wrong.  If,  on  the  contrar)%  he  allows  himself  to  look 
at  but  one  side  at  a  time,  and  works  from  that  standpoint  alone, 
it  may  lead  him  into  many  diflBculties  from  which  he  cannot 
readily  extricate  himself. 

Do  not  be  afraid  to  use  the  eraser.  The  draftsman  who 
hesitates  to  draw  until  he  is  positive  that  no  change  will  be  neces- 
sary, is  likely  to  spend  the  greater  portion  of  his  time  in  improfit- 
able  dreams,  for  he  is  attempting  the  impossible.  A  drawing  is  a 
means,  not  an  end ;  and,  as  has  been  already  pointed  out,  it  greatly 
assists  the  draftsman  in  clearing  up  many  doubtful  questions  which 
the  imagination  alone  cannot  do. 

A  bold  attack  of  a  problem  shows  the  quickest  path  to  its 
solution,  even  if  lines  must  be  erased  again  and  again.  It  is  a 
sign  of  serious  lack  of  ability  to  liesitate  in  the  use  of  pencil  and 
eraser. 

Attention  is  called  to  the  simple,  straightforward  character 
of  Plate  G.  Notice  the  almost  entire  absence  of  dotted  lines ;  the 
enlarged  section  through  the  ports,  giving  ample  opportunity  for 
dimensions  without  confusion ;  the  use  of  a  half  end  elevation  and 
a  half  cross-section, —  the  one  to  make  clear  the  flange  and  bolt 
layout ;  the  other  to  show  the  exhaust  opening,  the  small  auxiliary 
views  (drawn  at  convenient  points)  of  the  exhaust  flange  layout, 
the  cylinder  foot  and  the  drip  boss. 

A  steam  cylinder  is  a  fairly  complicated  casting;  and  it  would 
be  an  easy  matter,  by  the  use  of  elaborate  views,  the  dotting  in  of 
parts  already  completely  shown,  and  careless  line  work,  to  rob 
this  drawing  almost  entirely  of  its  clearness  and  directness  of 
illustration.  Just  what  is  necessary  (for  clearness'  sake)  and  no 
more  (for  cheapness'  sake),  is  the  whole  matter  in  a  nutshell,  and 
is  what  determines  its  shop  and  commercial  value. 

Dimensions  and  Letters.  A  good  line  drawing  can  be 
spoiled  by  poorly  arranged  dimensions  and  hasty  lettering.  The 
five  principal  points  to  be  kept  in  mind  to  develop  excellence  in 
this  respect  are : 
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(1)  System. 

(2)  Accuracy. 

(3)  Clearness. 

(4)  Completeness. 

(5)  Character. 

St/stem.  The  habit  of  system  in  placing  figui'es  and  letters 
on  a  drawing  is  the  one  element  which,  to  a  large  extent,  controls 
all  the  others.  If  the  systematic  habit  is  established  early,  the 
other  requirements  will  be  fulfilled  more  easily.  A  htaphazard 
method  will,  on  the  contrary,  just  as  surely  prevent  the  successful 
cultivation  of  the  ability  to  figure  a  drawing.  In  fact,  if  the  hap- 
hazard habit  is  continued  it  will  itself,  by  the  dissatisfaction  which 
it  causes,  soon  compel  the  draftsman  to  change  his  occupation. 

In  the  first  place,  whatever  part  of  a  machine  detail  is  to  be 
dimensioned,  that  particular  part  should  receive  attention  until  it 
has  been  completely  figured.  Do  not  jump  from  one  point  to  an- 
other, putting  in  a  figure  here  and  another  there.  Stick  to  one 
thing  until  it  is  done. 

For  example,  take  Plate  F  and  the  simple  detail  of  the  steiim 
pipe.  Suppose  we  start  mth  one  of  the  square  flanges.  The  first 
question  is:  '^  Where  is  this  flange  located?"  This  is  answered 
by  the  dimensions  5  inclies  and  21-inch  centers,  which  refer  the 
face  of  tlie  llange  to  the  cent^^r  of  the  pipe  and  the  flanges  to  each 
other.  The  next  question  is  :  *'  What  are  the  three  dimensions  of 
the  flancfe, —  lengtli,  breadtli  and  tliirkiiess?"  ThiJ^  is  readily 
answered  as  shown  on  the  drawing.  The  next  question  is  :  ''  What 
further  deseiiption  is  necessary  to  completely  specify  the  shape  of 
the  flange?''  This  is  answered  by  the  radius  of  the  corners,  ] 
inch  K.  Next,  ''What  diilling  or  special  feature  exists  in  the 
flange?"  This  is  answered  by  ^^^.-inch  drill,  3|-inch  centers,  and 
the  letter  f  to  denote  that  tin*,  face  is  to  he  finished. 

Tlie  round  ilange  of  this  pipe  is  approached  and  lig'ured  in 
the  same  way,  except  tliat  the  location  of  the  face  is  preferably 
referred  to  the  face  of  the  S([uare  flani^e  by  the  figure  8 J  inclies, 
instead  of  to  the  center  of  the  pipe,  because  the  planer  hand  will 
more  naturally  use  this  figure. 

These  flanges  are  now  to  be  connected  by  a  pipe  involvnig 
two  sizes.  The  main  pipe  is  3  inches  diameter  inside,  4  inches 
outside,  and  ^  inch  thick,  lunning  into  the  two  branches  by  fillets 
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and  radii,  as  figured.  The  two  branches  are  really  one  pipe,  2J 
inches  inside,  3^  inches  outside,  ^  inch  thick,  and  sweeping  down 
into  the  square  flanges  by  4-inch  radius. 

This  systematic  method  takes  longer  to  explain  than  to 
actually  execute,  but  it  is  typical  of  the  train  of  thought  which 
must  be  followed  on  all  pieces,  simple  or  complicated,  in  order 
to  properly  place  dimensions. 

In  general,  it  may  be  stated  that  all  parts  of  a  piece  must  be 
referred  either  to  each  other,-  or  to  some  common  reference  line,  or 
to  both.  Each  part  so  referred  must  then  be  figured  as  a  piece  by 
itself,  and  then  its  connections  to  the  principal  structure.  Thus, 
figuring  a  machine  detail  involves  three  things : 

(1)  Relative  location  of  its  parts. 

(2)  Proportions  of  these  parts. 

(3)  Proportions  of  connecting  members. 

As  in  the  original  design  of  a  piece  so  in  the  figuring  of  it, 
the  di*aftsman  must  as  far  as  possible  put  himself  in  the  place  of 
the  workman,  judging  the  methods  and  processes  of  construction 
and  available  tools.  This  will  largely  influence  the  aiTangement 
of  the  dimensions.  Of  course  it  implies  considerable  experience 
in  shop  work,  which  some  students  do  not  possess.  He  can  begin 
none  too  early,  however,  to  learn  to  look  at  his  work  from  the 
shop  standpoint,  and  surely  make  it  some  better  on  that  account. 

Pieces  must  not  only  be  systematically  dimensioned,  but 
regularly  specified  and  called  for  by  suitable  titles. 

A  title  should  specify  at  least  three  things : 

(1)  Name  of  piece. 

(2)  Number  wanted  for  one  machine. 

(3)  Material. 

To  these  might  be  added  a  fourth;  viz.,  pattern  or  piece 
number.  The  latter  is  not  specified  on  the  drawings  under  dis- 
cussion, because  systems  of  pattern  and  piece  numbering  are  so 
varied  that  little  would  be  gained  by  developing  one  for  this 
special   study. 

These  titles  should  always  be  put  on  in  the  same  way,  as  the 
workmen  become  used  to  a  certain  system  and  are  likely  to  mis- 
understand directions  if  a  regular  plan  is  not  followed.  A  good 
way  to  arrange  titles  is  suggested  on  the  plates,  although  there 
are  others  which  might  be  used. 
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Bolts  are  usually  specified  by  diameter  aud  length  under  the 
head,  the  length  of  thread  being  to  some  standard  system  in  use 
by  the  shop,  unless  otherwise  called  for.  Bolts  are  specified  on 
the  sheet  containing  the  piece  into  which  they  are  tapped.  In  the 
Ciise  of  through  bolts,  tapped  into  neither  piece,  they  are  prefenibly 
called  for  in  connection  with  the  principal  member. 

Accuracy.  Of  course  the  dimensions  on  a  drawing  must  lie 
accurate.  It  is,  however,  a  very  easy  matter  to  make  errors. 
To  insure  accuracy  a  figure  must  never  be  put  down  carelessly, 
and  a  constant  watch  must  be  kept  that  scaled  figures  add  up  to 
over-all  dimensions^  It  will  not  do  to  rely  on  scaluig  alone,  as  a 
very  slight  variation  from  exact  scale  may  throw  two  dimensions 
out  with  each  other.  In  spite  of  all  the  care  that  can  be  exer- 
cised errors  will  creep  in,  and  a  final  thorough  checking  must  be 
given  a  drawing  before  it  is  pronounced  complete.  A  good  rule 
to  follow  in  checking  up  is  to  "  assume  everything  wrong  until  it 
is  proved  to  be  right." 

Clearness,  As  in  the  line  drawing  itself,  there  must  be  abso- 
lute clearness  of  instruction  by  the  dimensions.  Any  doubt  as  to 
what  a  figure  is,  or  what  it  means,  rules  out  that  figure  as  part  of 
the  drawing.  If  a  piece  is  made  wi'ong  because  doubt  of  this 
cliaracter  is  transmitted  to  the  workman,  the  draftsman  is  always 
held  responsible  for  the  error. 

Figures  sin  mid,  in  all  cases,  be  placed  where  they  can  W 
most  clearly  read.  Tl»ey  should  be  bunched  on  a  single  view  as 
far  as  possible,  but  not  when  greater  clearness  demands  that 
another  view  be  used.  It  hinders  the  reading  of  a  drawing 
materially  if  the  eye  is  forced  to  jump  over  large  s[)aces  of  the 
sheet  from  view  to  view,  to  catch  the  several  dimensions  of  a  small 
detail.      Usually  it  is  easy  to  so  group  figures  as  to  avoid  this. 

It  is  a  <»'()()d  plan  to  keep  dimensions  off  the  body  of  the  draw- 
ing, when  it  can  be  done  so  conveniently.  It  is  not  worth  while, 
however,  to  go  out  of  one's  way  to  do  tliis,  as  figures  in  the  open 
spaces  of  a  detail  do  not  at  all  destroy  its  clearness. 

Extended  nt)tes  on  a  drawing  to  make  it  clear  should  not  l>e 
required,  hut  they  should  be  used  without  hesitation  if  any  douht 
exists.  _  An  explicit  note  of  instruction  is  the  final  resource  for 
clearness  when  the  art  of  drawing  fails  of  its  purpose,  as  it  some- 
times does. 
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Completeness,  A  detail  is  completely  dimensioned  when  it 
shows  all  the  figures  necessary  for  the  workman.  An3rthing  short 
of  this  is  incompleteness.  As  modem  shops  hold  the  di-aftsmau 
solely  responsible  for  the  design,  the  mechanic  is  not  allowed  to 
modify  it  by  filling  in  any  omitted  dimensions.  The  only  way  to 
be  sure  that  all  the  dimensions  are  on  is  to  systematically  go  all 
i-ound  a  piece  inside  and  out,  according  to  the  method  suggested 
under  the  paragraph  on  "System." 

It  is  a  good  plan  to  always  bear  in  mind  that  not  only  the 
machinist  is  to  use  the  drawing,  but  also  the  pattern  maker.  For 
the  benefit  of  the  latter,  special  attention  is  desirable  in  figuring 
the  cores,  This  saves  him  some  addition  and  subtraction.  In 
general,  it  has  been  foimd  that  less  chance  of  error  exists  if  mathe- 
matical work  is  not  required  of  the  shopman,  all  necessary  data 
being  furnished  on  the  face  of  the  drawing. 

Character.  By  character  in  figures  and  letters  is  meant  uni- 
form style,  height  and  slope,  and  a  certain  boldness  peculiar  to 
the  work  of  the  expert  draftsman.  The  last  is  difficult  for  the 
novice  to  acquire.  The  student  should  not  be  discouraged  be- 
cause his  eflfoits  do  not  look  like  impressions  from  printers'  ty^^e. 
Artistic  excellence  is  the  result  of  long  experience,  but  is  based  on 
character.  If  the  student  can  once  get  character  into  his  work, 
the  artistic  feature  will,  with  careful  and  constiuit  practice,  gradu- 
ally develop.  It  is  safe  to  say  that  there  is  no  one  element  of  a 
drawing  which  more -positively  stamps  it  as  the  work  of  an  amateur 
than  the  character  of  the  lettering,  and  every  attention  should  be 
paid  to  getting  out  of  the  apprenticeship  stage  in  this  respect. 
Freehand  lettering  only  is  permitted  in  the  drawings  illustrated 
herewith.  Ruled  letters  are  seldom  found  on  any  working  draw- 
ings, as  the  element  of  time  involved  is  so  great  that  few  shops 
are  willing  to  pay  for  it. 

Uniform  style  requires  that  if  capitals  only  are  used  in  titles, 
they  only  must  be  used  in  notes  and  elsewhere  on  the  drawing.  If 
lower-case  letters  are  used,  they  must  be  used  in  every  part  of  the 
drawing.  One  style  sliould  not  be  mixed  with  another.  The  height 
of  the  letters  should  be  limited  by  two  horizontal  lines,  and  though 
practice  may  render  the  upper  line  unnecessary,  it  takes  but  an 
instant  to  draw  it,  and  uniform  height  is  then  assured.     A  good 
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height  for  titles  of  details  such  as  are  illustrated  is  ^^  inch.  The 
height  bnce  chosen  should  be  adhered  to  throughout  the  whole  set. 
A  medium,  not  a  hard,  grade  of  pencil  (3H)  will  give  the  hand 
greater  freedom.  A  great  temptation  exists  to  omit  titles  from  the 
pencil  drawing,  simply  inking  them  on  the  tracing.  This  is  false 
economy  of  time,  for  in  the  end  it  will  be  found  that  enough  time 
will  be  saved  by  the  certainty  with  which  the  tracing  can  be  made 
to  more  than  pay  for  the  labor  on  the  pencil  drawing.  Again,  it 
permits  the  tracing,  in  regular  shop  practice,  to  be  made  by  cheaper 
labor  than  that  which  produced  the  pencil  drawing. 

Uniform  slope  is  most  easily  acquired  by  the  use  of  guide 
lines  put  in  at  frequent  intervals.  A  small  wooden  triangle  can 
be  made,  giving  the  required  angle.  The  angle  of  the  letters 
shown  on  the  plates  is  9  degrees,  or  about  1  inch  slope  in  6  inches. 
The  question  as  to  whether  letters  should  incline  backwards,  for- 
wards, or  stand  vertical,  does  not  enter  this  discussion.  Character 
is  not  affected  by  the  slope.  The  student  may  choose  whatever 
comes  most  natural  to  him,  but  having  chosen,  the  character  of 
his  work  will  be  spoiled  if  he  varies  it.  The  most  difficult  of  the 
three  is  the  vertical  style;  hence  most  draftsmen  incline  their 
letters.  The  backward  slope  is  used  on  the  plates  of  this  shop 
drawing  paper,  thus  giving  the  student  opportunity  to  compare 
with  plates  in  the  earlier  books,  and  follow  his  preference. 

The  effect  of  change  of  style,  height  and  slope  is  shown  in 
Figs.  2,  3  and  4,  respectively.  Attention  is  called  to  Fig.  5,  which 
is  a  sample  title,  in  which  these  points  are  corrected. 

Principal  Titles.  The  principal  title  of  a  drawing  should 
contain  at  least  seven  items: 

(1)  Name  of  principal  details  sbowD. 

(2)  Name  of  machine. 

(3)  Firm  name  and  location. 

(4)  Scale  of  drawing. 
(6)  Date  of  completion. 

(6)  Draftsman's  signature. 

(7)  Filing  number. 

To  these  are  often  added  others,  but  for  purposes  of  filinj^  and 
reference  the  above  at  least  must  be  put  on.  The  filing  niHnl)er 
may  or  may  nut  he  [)Ut  in  the  title  frame,  but  it  is  really  a  part  of 
it.     It  is  often  put  in  the  margin  below  the  title. 
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Aq  arrangement  of  title  should  be  estaUished  and  then  fol- 
lowed exactly,  without  variation  thither  as  to  Incation  on  sheet  or 
detail  make-up.  Abbreviated  words  are  always  permissible  in 
tiUes.  provided  the  mean-  ^^  ^  ^k,   r.VVVMnrR 
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Fig.  2. 


Rg.  3. 


ing  is  clear,  Si)ecinl  care 
must  be  taken  in  punctua- 
tion, however,  as  a  title, 
whether  abbreviated  or  not, 
has  an  unfinished  appear- 
ance if  the  periods,  commas 
and  other  necessary  punc- 
tuation marks  are  not  in- 
cluded. 

The  sample  title  - 
illustrated  in  Fig.  5  indi- 
cates the  arrangement 
chosen  for  the  drawings  of 
Part  lY.  Note  tliat  it  is  necessary  in  this  special  case  to  add  an 
extra  subject  lo  the  seven  given  above;  viz.,  the  residence  of  the 
Siudent  draftsman. 

This  style  of  title  must  be  put  with  care  on  every  drawing, 


even  on  tlie  rough  pencil  layouts. 
(■onrs«:  be  left  in  pencil,  as  the  roug 


In  the  Litter  case  it  may  of 
layouts  are  not  to  l>o  inked. 
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Inking  and  Tracing,     fioth  l>ond  paper  and  traciiij^  cloth  are 
used  in  business  practice  for  finished  drawings.     It  is  desirable  tu 


28  MECHANICAL     DRAWING. 

keep  a  stock  of  both  in  any  drawing  office,  so  that  either  may 
be  used  us  occasion  requires.  Bond  paper  stretched  on  the 
board  gives  a  beautiful  surface  to  take  the  ink,  and  very  handsome 
and  effective  detail  or  assembled  drawings  can  thus  be  produced. 

Changes  are  not  quite  as  readily  made  on  bond  paper  as  on 
tracing  cloth,  and  it  takes  a  little  longer  to  make  the  blue  print. 
In  other  ways  the  bond  paper  is  not  quite  as  flexible  to  use  as 
the  tnichig  cloth.  However,  one  must  be  guided  entirely  by  shop 
conditions  to  settle  the  question  of  preference.  As  the  tracing 
cloth  is  generally  used,  and  suits  the  pur{)08e  of  the  student 
better,  it  ^vill  be  required  in  this  work. 

The  inking  should  be  done  on  the  rough  side  of  the  cloth. 
One  reiison  for  choosing  this  side  is  that  as  the  cloth  tends  to  curl 
under  toward  the  glazed  side,  the  drawing  as  it  lies  right  side  up 
will  tend  to  straighten  itself.  This  seems  to  be  a  small  point,  but 
it  is  a  ver}'  important  advantage  for  filing  and  for  the  convenience 
of  those  who  are  to  handle  the  drawings.  Also  the  rough  side 
tiikes  colors  and  inks  better  than  the  glazed  side.  To  trace  on  the 
glazed  side  is  not  wrong,  for  it  is  often  done,  but  it  possesses  no 
advantages  of  its  own,  and  has  the  disadvantage  mentioned  alK)ve. 

Chalk  dust  scattered  over  the  surface  of  the  cloth  after  it  is 
tacked  down  will  remove  the  slightly  greasy  coating  which  pi'e- 
vents  the  ink  from  flowing  well  from  the  pen.  This  is  always 
necessary  if  the  t^^lazed  side  be  used,  and  usually  for  the  rough 
side.  The  chalk  must  be  carefully  removed  from  the  cloth  before 
inking. 

Tlie  first  step  in  inking  is  to  drnw  the  center  lines.  Kemem- 
ber  that  u^wtirutt'  intersvctlonH  are  of  tlie  utmost  importance.  No 
circle  is  coniplt^te  without  two  intersecting  lines,  preferably  at  90 
decrees,  to  determine  its  center,  and  these  lines  should  be  inked 
l)efore  tlie  circh*.  AVhen  this  is  done  a  definite  point  exists  for 
tlie  ncc(llc  point  of  the  compasses.  If  the  circle  is  drawn  first  the 
needle  point  may  not  he  placed  accurately  at  the  center  on  the 
]>encil  draw  in<^  heiieath,  and  the  location  be  thrown  out. 

Likewise  the  principal  ctMiter  lines  of  jiieces,  the  lines  around 
which  the  pencil  drawino;  was  built  up,  should  be  at  once  put  in. 

The  ninin  body  of  the  drawinc;,  the  full  lines,  should  be  taken 
next.     In  general,  circles  and  arcs  should  be  inked  first,  but  there 
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are  cases  where  it  is  easier  to  run  the  arcs  into  the  straight  lines 
than  to  match  the  straight  lines  to  the  arcs.  They  are  exceptions, 
however,  and  can  be  judged  only  as  the  case  arises. 

Straight  lines,  horizontal  and  vertical,  should  be  inked  with 
the  T-square  and  triangle  in  position.  It  is  a  common  practice  to 
disj)ense  with  the  use  of  the  T-square  entirely  in  inking  in,  using 
the  triangle  to  match  the  lines  to  the  arcs  already  drawn.  A 
necessity  for  this  implies  veiy  poor  work  on  the  arcs,  for  with 
any  reasonable  care  true  horizontal  and  vertical  lines  will  matcli 
the  arcs  all  right.  With  regard  to  time  required,  the  accuracy 
with  which  the  T-square  may  be  brought  up  to  a  line,  or  the  tri- 
angle- set  on  the  T-square,  more  than  makes  up  for  the  time 
gained  in  even  an  approximate  setting  of  the  triangle  without  a 
guide.  It  is  just  as  easy  to  cultivate  the  habit  of  holding  the  T- 
S([uare  and  triangle  with  the  left  hand  and  the  pen  with  the  right, 
and  draw  an  exact  line,  as  to  lapse  into  the  other  method,  which 
is  not  workmanlike. 

The  lines  of  the  body  of  the  drawing  depend  for  their  width 
upon  the  size  of  the  detail.  For  a  large  piece  they  may  be  ^^^  inch 
wide,  and  the  shade  lines  -^^  inch.  F'or  a  small  detail  such  widths 
would  be  too  great.  Remember  that  contrast  is  the  principal  aim, 
and  to  j)roduce  it  is  the  only  reason  why  w^e  use  different  kinds  of 
lines  on  a  drawing.  Hence  the  greatest  care  must  be  exercised  to 
prevent  body  lines  from  becoming  confused  with  center  or  dimen- 
sion lines,  and  vice  versa.  Also  thick  lines  are  desirable  for  the 
p'-oduction  of  a  bold  blue-print. 

Shade  lines  are  shown  on  Plates  I,  K  and  N  only.  They  are 
put  on  according  to  principles  already  explained.  They  certainly 
improve  the  drawing  from  an  artistic  standpoint,  and  the  student 
should  know  how  to  put  them  on  when  desired.  Whether  or  not 
it  is  desirable  to  ado[)t  them  on  all  working  drawings  is  not  the 
purpose  of  this  book  to  decide,  or  even  discuss.  Almost  always 
drawings  can  be  made  perfectly  clear  without  them,  and  are  so 
made  and  satisfactorily  nsed  in  probably  the  majority  of  shops. 
Some  shops  are  willing  to  pay  for  the  extra  time  necessary  to  put 
on  shade  lines ;  this,  however,  is  purely  their  own  investment. 

Cross-section  lines  are  usually  drawn  at  an  angle  of  45 
degrees  with  the  horizontal,  and  on  sections  which  are  adjacent 
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to  each  oiher  th''  slope  sboold  be  in  different  directioDs.  If  three 
oi  m-'Tt  s^tjftns  ciTne  to™t!ier  the  width  betveen  section  lines 
can  1^  fr>  '--Iia:;::^!  as  to  intlicite  clearir  the  different  fari5.  Ad 
exaoi:U  of  iu'ia  U  sli'>wn  in  Fig-.  6. 

TIa  •>pa':::i:3  cf  section  lines  most  not  be  too  fine,  rarely 
cl'^ser  t:.a-.  -j',;  inch.  m-^Tv  often  from  ^  to  ^  inch,  else  the  labor 
involve-!  U  X'f}  great  and  aniformitr  practically  impossible.  It  is  a 
Taste  of  time  to  rule  in  section  lines  on  the  pencil  dravring ;  they 
mar  lie  >ketcho'l  in  fr^eliand,  as  shown  on  the  original  layout  of 
t^ie  Eteam  eylindiyr.  Even  spacing  concerns  the  tracing  alone, 
an'I  the  &tu-le::t  i-liouM  train  his  eye  to  regnlanty  as  he  traces 
Tbe  '.hickn-i^''  of  .-r~::'.i''>n  lines  may  be  intermediate  between  that 
oi  cenv-r  1:"<:'S  an'l  1>oilr  lines  of  the  drawing. 

JtJ:in'j  Ifim,.ittions  and  Letter*.  Extension  lines  may  In- 
dotted,  as  ex:  liiliii-'l  in  Part  III, 


or  tLey  m^y  he  fini-,  full  lines, 
the  Lttter  method  being  illu9- 
traT<-l  i:i  i:.<-  .-.ri- *  i.f  Jiuni]. 
I-h.:,-.    i:,    xlU    i.j.r.     Dimen 
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.  .irav.- 
-■..'.  ii.iv-  liiMH  iiim, 
■11;.-  >..inf  vvi.lth 
.-.  1 ,1-  fiT  LfiibTlint-s. 
ic:-.:  ill  i:.k -i  iVjurta 
•;  i-  iii'Tt.'  iliriicuit  to 
;i  '.'A  [-e-.wW  work.  In 
'.,„,^  a  ;.v:i  suit.ible  to 

•:"  I'.M'.v':'.^'  is  ih-cpssary.  A  civil  engineer's  fine  iti;i{v 
\v!,i.  h  :;iv—.  i  lianuter  to  his  drawing,  is  not  desiriiUi-  in 
;he  UiM  ih-iiai-ier  of  a  machine  drawing.  For  tlie 
■St'  a  r;itlu-r  fclifif,  blunt  pen  which  is  not  "scmtchi, 
■.■.:i>-nl.lv,  iiiakiii!:  a  line  of  uniform  -width.  A  pi'ii  with 
r  hili-sh.ijH-d  r.ib.  recently  put  on  the  market,  answers 
;,>  will  for  (inlinnrv  ilttails.  A  bold,  free  stroke  tihould 
ith  the  idea  of  producing  a  smooth,  even  line,  finished 
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At  the  first  trial.  The  hesitating  uncertainty  of  the  beginner's 
hand  produces  a  "shaky"  letter,  and  going  over  a  letter  or  figure 
twice  or  more  to  smooth  it  up  usually  makes  it  worse. 

Figures  and  letters  which  are  broad  in  proportion  to  height 
are  easier  to  make,  and  have  more  character.  It  should  never  for 
a  moment  be  forgotten  that  uniform  height  and  slope  carefully 
followed  will  develop  character  and  quickly  lead  to  artistic 
excellence. 

Foot  and  inch  marks  are  often  put  after  figures  according  to 
the  common  usage.  In  cases  where  feet  and  inches  are  expressed, 
thus:  8' — 6'^,  or  4'  —  0'',  they  are,  of  course,  absolutely  necessary, 
and  the  dash  between  the  figures  must  be  very  positively  indi- 
cated. In  cases  of  inch  dimensions  alone  the  marks  may  be  put 
on  if  desired,  but  where  there  can  be  no  doubt  that  inches,  and 
not  feet,  are  meant,  the  inch  marks  are  not  necessary.  This  prac- 
tice is  followed  on  the  plates  of  this  paper. 

Abbreviations.  A  list  of  the  most  common  abbreviations  in 
use  on  working  drawings  follows.  This  list  has  been  adopted  for 
the  plates  in  Part  IV: 

F.  A.  O finished  aU  over. 

/ fiuislicd  surface. 

K radius. 

D diameter. 

K.  H ri^ht  haud. 

L.  H left  hand. 

P.  R piston  rod. 

P.  TAP pipe  tap. 

CTRS centers. 

CI cast  iron. 

S.  C steel  casting. 

Bz bronze. 

C.  R.  S cold  rolled  steel. 

T.  S tool  steel. 

O.  n.  S open  hearth  steel. 

W.  I wrought  iron. 

Plate  E.  Piston  Rod  and  Valve  Stem.  The  piston  is  of 
the  one-piece  box  type,  with  sprung-in  rings.  The  width  is  re- 
duced to  4|  inches  at  the  outside,  so  that  if  the  piston  strikes  tho 
cylinder  heads  it  will  not  tend  to  spring  and  break  off  the  narrow 
ridge  of  metal  outside  of  the  packing  ring.  The  piston  rod  is 
fastened  to  the  piston  on  a  taper  drawn  in  by  a  nut,  and  the 
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nut  is  checked  by  a  ^-inch  split  pin.  The  packing  rings  are  pre- 
vented from  slipping  round  the  piston  by  lugs  fitting  loosely  in 
chipped  recesses  in  the  groove.  These  being  at  opposite  sides  for 
each  groove,  the  leakage  of  steam  through  the  split  in  the  ring  is 
minimized,  for  it  must  pass  half  way  round  the  piston  before  it  can 
pass  through  the  split  in  the  other  ring.  This  is  a  simple,  but 
fairly  effective,  device. 

The  packing  rings  are  usually  cast  in  the  form  of  a  cylinder 
of  some  length,  turned  to  a  diameter  a  little  larger  than  the  cylin- 
der bore,  cut  off  to  the  required  width,  and  sufficient  space  cut 
out  to  permit  being  sprung  in  to  the  size  of  cylinder  bore. 

The  location  of  the  spool  on  the  piston  rod  is  not  positively 
known,  as  the  setting  of  the  valve  bra(3ket  may  be  slightly  differ- 
ent from  what  the  drawing  calls  for.  Hence,  instead  of  a  dimen- 
sion, the  words  ''  measure  for "  are  put  on,  to  indicate  that  the 
spool  be  located  during  the  erection  of  the  pump.  The  hexagonal 
flanges  of  the  spool  are  convenient  to  hold  the  rod  from  turning 
while  screwing  on  the  piston  and  plunger  nuts. 

Molding  and  Machining.  There  are  no  special  features  con- 
nected with  the  molding  and  machining  of  parts  on  Plate  E.  The 
holes  in  the  piston  side  walls  are  necessary  to  give  supports  for 
the  core,  the  piston  being  cast  on  its  side.  Tliese  holes,  after  the 
core  is  cleaned  out  through  them,  are  plugged  ixs  indicated. 

Plate  F.  Steam  Chest  and  Valve.  The  steam  chest  in 
this  instance  is  located  on  the  cylinder  by  fitting  down  over  the 
ledge  made  by  the  valve  seat.  The  side  flanges  also  serve  the 
purpose  of  guiding  the  valve.  It  will  be  noticed  that  the  steam 
chest  cover  is  15|  inches  X  II4  inches,  wliile  the  steam  chest  Ls 
15  inches  X  H  inches.  This  allows  a  ledge  of  J  inch,  all  around 
which  the  cover  overhangs  the  walls  of  the  chest.  The  steam 
cylinder  flange  in  order  to  correspond  must  likewise  be  15 J  inches 
X  11^  inches.  The  reason  this  is  done  is  tecause  of  the  difficulty 
of  making  good  matched  joints  between  the  cylinder  flange,  chest 
and  cover.  The  practice  of  thus  leaving  a  little  ledge  all  round 
is  by  no  means  universal,  and  often  the  irregularity  in  the  joints 
is  smoothed  off  by  chipping.  This  is  the  case  with  the  other 
flanges  on  this  pump.  The  steam  chest,  however,  was  thought 
less  likely  to  match  properly,  and  the  slight  overhang  gives  the 
finished  appearance  of  a  sort  of  beaded  edge. 
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The  valve  is  what  is  known  as  a  "square  "  slide  valve.  This 
means  that  when  the  valve  is  placed  central  on  the  ports  its  work- 
ing edges  are  "  square"  with  the  ports  ;  that  is,  in  exact  line  with 
them.  If  the  valve  be  moved  either  way  frf)m  this  position,  the 
slightest  travel  will  admit  steam  to  one  end  of  the  cylinder  and 
exhaust  it  from  the  other.  (See  Plate  A.)  Another  way  of  stating 
this  is  to  say  that  a  "square"  slide  valve  is  a  slide  valve  without 
"lap." 

The  valve  is  driven  from  the  valve  stem  by  the  striking  of 
the  nuts  against  the  lug  on  its  top.  Since  the  valve  is  already 
guided  on  its  edges  by  the  steam-chest  llange,  the  valve  stem,  to 
avoid  springing,  must  be  perfectly  free  in  the  slot  cast  for  it,  as  is 
shown  by  the  |-inch  radius  of  the  bottom,  the  stem  being  1  inch 
in  diameter. 

The  steam-pipe  flange  is  made  square  to  keep  the  height  of 
the  chest  as  low  as  possible.  The  radius  of  the  bend  should  be 
ample  ;  in  this  case  4  inches  is  considered  sutlicient. 

The  exhaust  tee  must  have  its  upper  flange  high  enough  so 
that  the  chest  cover  can  be  lifted  and  slipped  off  the  studs  without 
interfering  with  it.  The  lower  flanges  should  be  made  wide 
enough  to  permit  the  tap  bolts  to  be  [)ut  in  without  striking  the 
4-inch  vertical  pipe,  5-inch  centers  being  necessary.  The  |-inch 
drip-cock,  as  located,  readily  drains  the  steam  chest  and  exhaust 
passage  of  both  cylinders,  as  well  as  the  exhaust  tee. 

Molding,  It  is  evident  that  the  steam  chest  will  be  molded 
in  the  position  shown  on  the  drawing.  The  parting  line  of  the 
mold  will  be  through  the  centers  of  the  steam -pipe  opening  and 
the  stuffing-box.  These  holes  must  be  cored  out.  The  main  body 
of  the  chest  could  be  made  to  leave  its  own  core,  but  it  may 
not  be  made  in  this  way.  It  may  be  cheaper  to  fiusliion  the  pattern 
solid,  and  make  one  large  core-box  for  the  inside.  In  this  way 
the  pattern  will  probably  hold  its  shape  better  and  recpiire  less 
repaira,  than  if  it  were  made  in  green  sand.  The  core-box  will  be 
an  extra  piece  to  make,  but  it  probably  will  cost  no  more  than  to 
carve  out  the  inside  of  the  pattern,  and  is  a  rather  more  substantial 
job  when  done.  The  molding  can  be  satisfactorily  done  by  either 
method,  shop  conditioas  being  the  controlling  element.  As  far  as 
the  labor  of  molding  alone  is  concerned,  the  first  method  is  prob- 
ably easier,  as  it  saves  handling  large  cores. 
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The  other  parts  in  Plate  F  are  very  simple  in  their  molding, 
and  require  no  special  attention. 

Machining.  Most  of  the  surface  work  on  this  plate  is  adapted 
to  the  planer.-  The  slide  valve  may,  perhaps,  if  finished  in  lots  of 
considerable  number,  be  more  satisfactorily  handled  on  the  milling 
machine.  The  final  finish  of  the  face  of  the  valve  must  be  a  scraped 
fit  to  its  seat. 

The  drilling  of  the  cover  and  pipe  flanges  is  to  actual  layout 
on  the  caijting,  or  preferably,  through  jig  plates.  A  templet  for 
laying  out  is  at  least  desirable,  even  though  the  expense  of  a  jig 
plate  be  not  deemed  necessary. 

Plates  C  and  D.  Valve  Motion  Layout.  These  plates  rep- 
resent the  layout  of  the  valve  motion,  and  are  necessary  in 
order  to  find  the  length  of  the  levers  and  rocker  arms.  It 
will  be  noticed  in  Plate  D  that  the  valve  stem  of  one  side  of 
the  pump  is  controlled  by  the  movement  of  the  piston-rod  of  the 
other  side,  the  proper  direction  of  motion  being  given  to  the  valv<* 
by  placing  the  rocker  shaft  above  or  below  the  valve  stem  as 
required.  By  reference  to  Plate  A  it  will  be  further  noticed 
that  the  nuts  on  the  valve  stem  inside  the  chest,  which  abut 
against  the  faces  of  the  lug  on  the  valve,  do  not  rest  against  the 
faces  of  the  lug  in  the  position  shown,  but  have  considerable 
lost  motion.  This  lost  motion  is  one  of  the  essential  features 
of  the  valve  motion  of  a  duplex  pump,  and  permits  the  valve  to 
remain  at  rest  for  a  short  ^^eriod  at  the  end  of  the  stroke,  though 
the  valve  stem  may  have  reversed  its  motion  and  begun  its 
return  stroke.  When  this  lost  motion  is  taken  up  by  the  move- 
ment of  the  stem  and  the  nuts  abut  against  the  lug  on  the 
valve,  the  valve  will  move,  and  from  this  point  to  the  end 
of  the  stroke  be  positively  controlled  by  the  motion  of  the  stem. 
At  the  end  of  the  stroke  the  stem  will  revei'se,  when  the  lost 
motion  will  again  permit  the  valve  to  rest  for  the  same  period 
as  at  the  other  end,  and  then  move  on  as  before.  The  time  of 
rest  of  the  valve,  and  consequently  the  pistons  and  plungers,  is 
approximately  one-third  the  period  of  the  stroke.  This  means 
that  the  piston  on  one  side  ti-avels  one-third  of  its  stroke  before 
it  picks  up,  through  the  valve  levers,  the  valve  on  the  other 
side.     During  the  second  third  of  its  travel  it  is  bringing  the 


MECHANICAL     DRAWING.  89 

valve  to  the  point  of  opening.  During  the  last  third  of  its  travel 
it  is  opening  the  port,  wider  and  wider,  to  steam.  Thus  the 
opposite  piston  will  start  when  the  first  piston  has  covered  two- 
thiris  of  its  stroke,  and  there  will  be  only  one-third  of  the  stroke 
when  both  pistons  are  moving  at  the  same  time. 

This  relative  period  of  rest  to  motion  is  not  always  made 
in  this  exact  ratio,  but  is  at  least  approximate  to  it.  The 
period  of  rest  at  the  end  of  the  stroke  is  to  allow  the  water  end 
to  adjust  itself  quietly  to  the  reversal  of  motion  about  to  Uike 
place  at  the  end  of  the  stroke.  When  the  plunger  stops,  the 
water  valves  must  be  given  time  to  seat  themselves,  and  the  flow 
of  water  through  the  passages  checked.  It  is  much  easier  to  start 
the  flow  in  the  opposite  direction  if  the  reversal  of  plunger  motion 
is  not  instantaneous.  Hence  for  liandling  long  columns  of  water, 
wliich,  once  in  motion,  tend  by  considerable  energy  to  remain  in 
motion,  the  duplex  pump  by  this  peculiar  delayed  action  has  been 
found  to  be  well  suited. 

It  will  be  found  that  for  complete  uncovering  of  port,  and 
motion  divisible  into  thirds  as  described,  the  travel  of  the  valve 
stem  should  be  three  times  the  width  of  port,  or  3  X  |  inch  =  2| 
inches.  A  little  more  than  this  is  allowed,  and  the  travel  made 
2J  inches  in  this  case.  Referring  to  Plate  C,  this  distance  is  laid 
off  as  shown  by  the  two  limiting  vertical  lines  across  the  line  of  the 
valve  stem,  the  central  vertical  line  of  mid-position  being  di*awn. 
The  problem  then  is  to  find  such  centers  for  the  rocker  arms  that 
the  travel  of  the  [)iston-rod  spool  will,  through  prope^r  leverage, 
produce  travel  of  the  valve  stem  between  these  two  vertical  lines. 
This  can  readily  Ixi  done  by  a  few  trials,  the  only  requirement 
for  this  case  being  that  the  extremes  of  the  arc  of  swing  of  both 
piston-rod  lever  and  rocker  arm  shall  be  equally  above  and  below 
the  center  of  piston  rod  and  valve  stem  respectively.  The  greatest 
possible  travel  of  the  piston-rod  spool,  12J  inches,  is  usually  laid 
out  in  this  case,  not  the  nominal  12  inches. 

From  this  layout  the  lengths  of  the  levers  and  arms  may  be 
scaled  off  for  the  detail  drawing,  also  the  location  of  the  rocker- 
arm  centers.  The  student  has  the  former  given  him  on  Plate  K, 
but  the  latter,  which  is  necessary  for  the  development  of  Plate  L, 
must  be  determined  by  his  own  layout.     Plate  D  must  also  be 
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laid  out  before  developing  the  cross-section  of  the  valve  bracket. 

The  design  of  stuffing  boxes  for  both  steam  and  water  ends, 
and  the  length  of  the  yoke,  should  be  determined  next.  A  safe 
method  of  assuming  clearance  between  the  spool  and  the  gland 
studs  at  the  end  of  the  stroke,  is  to  imagine  that  the  gland  stud 
nuts  have  accidentally  worked  off  the  studs,  so  that  they  are  about 
to  drop.  They  are  thus  shown  by  dotted  lines  on  Plate  C.  A 
good  clearance,  say  J  inch  to  J  inch,  is  then  allowed,  and  the  gland 
drawn  in.  The  length  of  the  gland  is  determined  by  the  number 
of  rings  of  packing  necessary  in  the  stuffing  box;  it  is  usually  pro- 
vided that  the  gland  may  compress  the  packing  to  about  one-half 
its  original  depth  before  bringing  up  against  the  face  of  the  box. 
Packing  §  inch  square  will  do  for  this  size  of  piston  rod,  hence 
the  faces  of  the  yoke  are  easily  determined,  and  its  detail,  with 
the  stuffing  boxes,  proceeded  with  as  on  Plate  L.  The  length  of 
yoke  may  be  brought  to  an  even  figure;  and  proceeding  on  the 
above  plan  the  length  can  be  conveniently  made  in  even  inches 
without  any  fractions;  viz.,  28  inches. 

It  will  be  noticed  that  the  stuffing-box  flanges  serve  to  center 
the  yoke  in  line  with  the  steam  and  water  cylinders.  This  is  a 
desirable  feature  of  construction,  and  foims  a  simple  and  easy 
method  for  lining  up  tlie  steam  and  water  ends. 

Plate  K.  Valve  Motion  Details.  The  piston-rod  levers  on 
this  plate  are  specified  to  be  steel  forgings.  Forgings  of  this  kind 
are  expensive,  but  are  light,  neat  and  reliable  for  the  important 
service  which  they  have  to  perform.  Castings,  whether  steel  or 
iron,  are  much  cheaper,  and  perhaps  more  commonly  used  for  this 
detail.  Wlien  sound  they  are  equally  serviceable,  though  of  more 
clumsy  proportions ;  but  the  danger  in  castings  of  this  form  is  the 
existence  of  hidden  flaws  or  pockets,  which  frequently  occur  at 
the  points  where  the  hub  or  the  fork  joins  the  arm.  These  flaws 
cannot  be  readily  detected  from  the  outside,  and  breakage  may 
occur  at  some  critical  time,  when  the  disability  of  the  pump  may 
be  a  serious  matter. 

The  use  of  shade  lines  is  illustrated  on  this  plate.  The 
increased  artistic  effect  is  noticeable,  but  it  would  seem  tha; 
absolute  clearness  would  still  exist,  even  if  shade  lines  were  not 
used. 
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It  will  be  noticed  that  on  the  detail  of  the  "  link  pin  **  two  of 
the  dimensions  have  a  short  "  wavy "  line  beneath  the  figures. 
This  is  one  of  the  several  ways  of  indicating  that  the  dimension 
is  "  out  of  scale."  Some  draftsmen  use  a  straight  dash  beneath 
the  figure;  some  draw  a  circle  about  it;  some  print  after  the 
figure,  "  out  of  scale."  Although  workmen  are  not  allowed  to 
scale  drawings,  but  are  required  to  "  work  to  figures  onl}^"  yet 
for  general  safety's  sake,  and  for  the  sake  of  the  draftsmen  who 
consult  the  drawings  frequently,  attention  must  be  called  to  any 
variation  of  the  figure  from  the  measured  distance  on  the  drawing. 
Nothing  makes  a  workman,  or  any  one  else  who  reads  a  shop 
drawing,  lose  confidence  in  it  more  quickly  than  to  discover  that 
it  does  not  "scale";  but  when  no  indication  exists  tliat  the  drafts- 
man himself  is  aware  of  it,  then  every  dimension  is  viewed  with 
doubt  and  hesiUition,  and  the  drawing  becomes  practically  wortli- 
less. 

Dimensions  seldom  should  be  out  of  scale ;  but  if  they  are, 
through  error  or  necessary  change,  a  carefully  worded  note  should 
be  added. 

Molding  and  Machining.  No  special  features  of  molding  or 
machining  are  noteworthy  on  Plate  K. 

Plate  L.  Yoke,  Stuffing-boxes,  Bracket,  etc  Having  worked 
up  the  layouts  of  Plates  C  and  1),  the  student  has  enough  infoima- 
tion  to  proceed  with  Plate  L.  This,  like  Plate  G,  is  without 
dimensions,  the  student's  work  being  to  make  the  drawing  and  fill 
in  the  necessaiy  shop  data. 

The  valve-lever  bracket  is  bolted  down  to  its  lug  on  the  yoke 
through  holes  larger  than  the  bolt,  thus  permitting  slight  adjust- 
ment. When  the  proper  location  is  determined,  the  bracket  is 
positively  fixed  in  position  by  two  dowels,  J  inch  in  diameter. 
The  holes  in  both  bracket  and  yoke  are  drilled  through  both  pieces 
at  the  same  operation.  This  very  common  method  of  fixing  bolted 
parts  of  machinery  in  absolute  position  not  only  assures  firmness, 
but  also  in  case  of  removal,  permits  the  part  to  be  readily  and 
positively  replaced  in  its  exact  o^-'gimd  position. 

If  possible,  the  steam  cylinder  cricket  should  be  of  such 
height  that  the  stone  or  brick  work  upon  which  it  rests  shall  be  at 
the  same  level  as  that  beneath  the  water  cylinder.     The  tapped 
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holes  in  the  top  surface  receive  bolts  from  the  cylinder  foot 
These  holts  are  often  used  only  for  shipping  purposes,  tlie  cylinder 
foot  when  tlie  pump  is  set  up  being  allowed  to  slide  freely  on  the 
cricket,  thus  permitting  free  expansion  and  contraction.  In  such 
cases  the  water  end  is  rigidly  fiistened  to  the  foundation  by  hold- 
ing down  l>olts. 

Moldimj  and  Machining.  The  valve  lever-bracket  would 
most  natunilly  be  molded  with  the  axes  of  the  shafts  vertical,  the 
parting  line  of  the  mold  being  the  center  line  of  the  middle  web. 
Tliis  makes  quite  a  long  '*draw"  for  the  shaft  bosses,  but  the 
ample  taper  on  the  outside  overcomes  this  difficulty.  The  space 
between  the  side  webs  leaves  its  own  core.  The  shaft  cores  stand 
on  end  in  the  mokl,  which  is  the  best  position  for  strength  and 
stability. 

Anotlier  method  is  to  have  the  parting  line  of  the  mold  on 
the  vertical  center  line  of  the  bracket,  as  shown  in  the  end  view. 
In  this  I'ase  the  bracket  would  l>e  cast  on  its  side,  and  cores  nuist 
bo  set  for  each  side  of  the  middle  web.  The  shaft  cores  are  set 
as  easily  as  bi'fore,  hut  in  this  case  lie  flat.  As  with  the  ste^iui 
chest,  t^aoh  method  has  its  advantages,  which  depend  largely 
upon  i'xistiii!jf  r  Mulitions.  As  cored  work  is  generally  avoided 
whenever  pos>ihh',  the  tirst  method  would  probably  be  chosen. 

The  sl.aft  ]n»sses  aiv  *•  C'haml)er-cored,"  to  save  labor  in  l>or- 
iuLT*  the  boarinvT  surface  for  the  shaft  beintj  only  a  short  distmce 
at  th«»  iMul^.  riio  i^h.r.iilvr-i'ore  diameter  shoidd  l>e  enouirh  larjirt'i' 
than  tht»  shaft  so  that  hv  no  possibility  can  the  cutter  run  into  the 
rouL^h  svmIc.  I'vru  if  the  hole  Ih^  liored  slightly  out  of  line.  If  it 
should  dv^  liiis,  the  l.\i»ori>f  cariuij  for  the  cutters  more  than  offsets 
ti\e  attempted  savinij  i»f  lalx">r. 

riie  yoke  is  simply  a  barrel  open  at  each  end,  and  with  a 
pieee  eut  iMit  of  its  si^le.  The  inside  evidently  must  be  cored  out, 
and  the  iore  is  sat  isfaeti>rily  supported  at  the  ends  on  its  hori/«^ntal 
axis.  The  iMrtiuiT  line  of  the  moM  mav  be  either  the  vertical  or 
liori.ontal  .i\:s  of  tiu^  end  view,  the  only  difference  being:  that  in 
vMu»  ease  tiie  ledire  for  the  valve  bracket  will  **draw,"  and  in  the 
otiier  ease  w  :uust  Iv  lo.^>e  on  the  j^tteni  and  ** pulled  in''  after 
the  m:ua  pattern  is  drawn. 

rho  orioket  and  stutliDg  boxes  present  no  difficulties.     The 
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bore  of  tlie  stuffing  boxes  and  glands  should  be  from  -^^  inch  to  J^ 
inch  larger  than  the  rod,  to  allow  the  fit  to  be  entirely  between  the 
rod  and  the  packing. 

The  horizontal  boring  machine  with  a  double  facing  head  is 
adapted  to  boring  and  facing  the  yoke  flanges.  The  drilling  is 
accomplished  jis  before  by  templet  or  jig. 

Attention  is  called  to  the  tapped  holes  for  oil  or  grease  cups 
on  the  valve-lever  bracket.  The  holes  on  the  lower  boss  cannot 
be  drilled  strictly  as  shown,  because  the  drill  shank  will  not  clear 
the  upper  boss.  They  should  be  swung  around  the  boss  at  such 
an  angle  as  will  allow  the  drill  to  clear.  This  is  a  good  instance 
of  the  common  error  of  drawing  details  which  cannot  be  made,  and 
constant  watch  must  be  kept  to  avoid  such  mistakes. 

Plate  B.  Water  End  Layout.  As  in  the  preceding  work, 
Plates  H  and  I  being  given  in  full  detail  offer  a  good  start  for 
the  development  of  the  water  cylinder,  which  is  the  purpose  of 
Plate  B.  As  before,  work  should  begin  at  the  inside  and  progress 
outwards.  Thus  the  piston  rod  with  its  nut  should  be  drawn  first, 
the  hub  of  the  plunger  built  around  it,  then  the  plunger  barrel, 
the  bushing,  and  ring  to  clamp  the  bushing.  The  limits  of  the 
plunger  travel  shouUl  be  sketched  in,  and  the  valve  outline  shown 
in  order  to  determine  clearances.  The  progress  of  Plate  H  is  on 
exactly  the  same  basis  as  that  stated  in  detail  for  the  steam  cylin- 
der layout ;  hence  it  need  not  be  repeated. 

The  points  controlUng  the  design  of  the  water  end  must, 
however,  be  studied  to  enable  the  student  to  work  intelligently. 
The  fit  of  the  rod  into  the  plunger  hub  is  loose,  ^^^j-inch  play 
being  allowed,  in  order  to  permit  the  plunger  to  be  guided  solely 
by  its  bushing,  and  thus  be  indepe'^.dent  of  any  change  of  align- 
ment of  the  piston  rod. 

The  relative  length  of  plunger  and  bushing  should  allow  the 
end  of  the  plunger  to  overrun  the  edge  of  the  bushing  at  the  ter- 
mination of  the  stroke,  to  prevent  the  formation  of  a  shoulder. 
Tlie  bushing  is  made  of  brass  because  of  the  better  bearing  of 
the  two  dissimilar  metals,  brass  and  iron.  Of  course  there  is  no 
lubrication  except  the  water,  and  the  dissimilar  metals  tend  to 
"cut''  less  than  if  both  were  alike.  The  brass  bushing  also  pre- 
vents the  plunger  from  "•  rusting  in  "  in  case  of  long  periods  of 
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disuse.  The  bushing  being  of  expensive  material  is  made  as  light 
as  possible,  hence  it  has  no  stiffness  of  its  own.  Therefore  it  is 
reinforced  by  a  deep  cast-iron  ring,  which  also  takes  the  bolts  and 
clamps  the  bushing  tightly  to  its  ground  seat.  These  stud  bolts 
are  usually  made  of  "  tobin  bronze,"  a  rust-proof  material,  possess- 
ing strength  almost  as  great  as  that  of  steel.  This  arrangement 
permits  ready  removal  of  the  bushing  when  necessary. 

As  the  parts  of  the  common  pump  valve  illustrated  in  detail 
on  Plate  H  must  be  often  replaced  during  service  of  the  pump, 
provision  must  be  made  for  unscrewing  the  stem  and  substituting 
a  new  one.  This  must  be  done  through  the  hand  holes  provided 
on  the  cylinder.  The  lower  valve  deck  must  be  located  so  that  the 
inner  valves  when  unscrewed  will  not  strike  the  clamp  ring.  As 
shown  in  Plate  B  the  clearance  is  pretty  small,  almost  too  small, 
but  as  it  affects  only  two  valves,  it  will  probably  cause  no  incon- 
venience. No  hand  holes  are  necessary  for  the  end  chambers,  as 
access  to  the  valves  is  had  l)y  removing  the  outer  heads.  The 
upper  deck  may  be  placed  at  a  height  giving  sufficient  clearance 
to  allow  the  upper  nuts  of  the  clamp  ring  to  be  unscrewed  with  a 
socket  wrench  from  the  end  of  the  pump.  These  decks  are  sub- 
jected to  a  severe  pounding  from  the  pulsations  of  the  pump,  and 
should  be  amply  strong;  1|  inches  is  deemed  thick  enough  for 
this  case. 

The  middle  transverse  wall  may  be  li  inches  thick  and  the 
middle  longitudinal  wall  a  little  thinner,  about  1^  inches.  With 
high  pressures  these  walls,  being  flat  surfaces  and  the  valve 
decks  likewise,  are  likely  to  fracture  under  the  heavy  pounding. 
To  avoid  making  them  excessively  heavy  they  are  often  strongly 
ribbed,  either  on  the  inside  or  outside,  usually  the  former. 

The  curving  side  walls  are  of  better  form  to  withstand  pres- 
sure, and  need  not  be  as  thick,  1  inch  being  sufficient.  This  can 
be  decreased  to  |  inch  in  the  suction  passage  below  the  deck, 
where  little  pressure  exists. 

The  outer  head  is  also  considered  strong  enough  at  1  inch 
thickness,  on  account  of  its  curved  shape.  It  requires  |-inch  studs. 
Studs  are  preferred  to  tap  bolt«  in  this  case,  as  in  all  other  similar 
cases,  on  account  of  the  frequent  unscrewing  of  the  nuts  for  pur- 
pose of  removal.     One  or  two  unscrewings  of  a  tap  bolt  in  cast 
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iron  will  destroy  the  tightness  of  the  thread,  while  the  stud,  being 
steel,  stands  tlie  wear  better. 

The  valve  seats  are  taper  screw^ed  into  the  deck;  they  are 
sometimes  forced  in  on  a  plain  taper  fit.  They  are  located  as 
closely  iis  strength  of  the  deck  between  tlie  holes  will  permit.  It 
is  not  well  to  place  the  edge  of  the  valve  closer  than  X  inch  from 
the  cylinder  walls.  The  valve  holes  in  the  lower  deck  should  be 
in  Ime,  or  nearly  so,  with  the  holes  in  the  upper  deck,  in  order  to 
allow  the  shank  of  the  mill  to  pass  through  when  milling  the  lower 
holes. 

The  suction  opening  is  7  inches  in  diameter,  12i-inch  flange, 
10^-inch  bolt  circle,  J-inch  tapped  holes. 

By  means  of  the  hand  hole  at  the  end  of  the  suction  passage, 
Jiny  dirt  which  may  have  been  brought  in  through  the  suction 
pipe  may  be  removed. 

The  water  cylinder  cap,  discharge  ell  and  air  chamber  may 
be  laid  out  from  the  detail  Plate  I,  and  the  student  nmst  do  tliis 
to  see  that  the  parts  actually  go  together  properly. 

With  the  forejiroincr  discussion  the  student  should  be  able  to 
produce  Plate  B,  which  is  the  preliminary  step  t^)  the  detail  draw- 
ing of  the  water  cylinder  as  shown  on  Plate  J. 

Plate  J.  Water  Cylinder.  The  water  cylinder  is,  perhaps, 
the  most  com[)licated  detail  that  the  student  will  meet  in  this. set 
of  plates.  Fundamentally,  it  is  simply  a  box  with  curved  sides, 
divided  by  the  several  walls  into  five  compartments,  each  of  which 
communicates  with  the  outside  by  a  round  nozzle  or  flange.  If 
this  l)asic  idea  be  kept  constantly  in  mind,  the  student  will  have 
no  trouble  in  building  up  the  detailed  (lesion. 

This  fundamental  conception  i)i  a  complicated  ])iece  is  a  very 

important  idea,  and  should  be  developed  carefully  by  the  student. 

It  is  one  of  the  great  secrets  of  good  design,  both  from  an  artistic 

and  a  commercial  standpoint.     We   oiuni   see  a  machine   which 

seems  to  begin  anywhere  and  end  nowhere;  it  appears  to  be  a 

niLscellaneous  collection  of  bosses,  lugs,  ril)s  and  flanges.     There 

is  no  general  prevailing  shape  to  the  structure,  no  harmony  of  the 

lines.     This  is  l)ecause  the  designer,  if  he  may  l>e  so  called,  did 

not  have  the  fundamental    notion  of   shajxi,  to  which  all  minor 

details    should    have   been  sul)ordinated.     He    simply    grouped 
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parts  together,  without  considering  the  fundamental    structure. 

Ill  iliis  water  cylinder  the  box  is  the  basic  part  of  the  struc- 
ture, and  its  lines  must  be  first  developed  ;  they  should  be  designed 
to  convey  a  smooth,  regular  and  consistent  surfjice  to  the  eye. 
Then  the  nozzles  and  flanges  may  be  added  as  8ul)ordinate  parts ; 
they  will  men4y  interrupt,  but  not  destroy,  the  prevailing  outline 
of  the  box.  The  dotted  lines  in  the  closs-section  views  of  Phite  J 
show  the  general  shape  behind  and  beneath  the  nozzles. 

Tlie  hand  holes  are  the  siime  as  on  Plate  I,  and  the  detail  of 
the  cover  should  specify  the  number  required  for  l)oth  places. 

Provisiim  for  draining  the  four  chambers  of  the  water  cylin- 
der is  made  by  the  |-inch  pipe  tap  holes  at  the  lower  deck,  and 
the  cap,  likewise,  by  the  single  hole  at  the  upper  deck.  Drip 
cocks  are  screwed  into  these  holes. 

The  holding-down  bolts  should  not  be  less  than  1  inch  diam- 
eter; 1^  inch  would  perhaps  be  l)etter;  and  the  holes  in  the  foot 
should  be  drilled  at  least  ^  inch  large. 

Dimerisions.  It  will  be  noticed  that  this  plate  has  dimension 
lines,  but  no  figures.  This  is  because  the  cylinder  is  nitlier  diffi- 
cult to  figure,  and  it  Ls  desired  to  guide  the  student  in  arrangement 
of  the  figures  without  lessening  the  l)enefit  of  his  study  of  them. 
Special  attention  should  l)e  paid  to  this  feature  of  the  plate. 
Notice  that  although  space  for  dimensions  is  restricted,  a  clear 
opening  is  jilways  found  for  the  figures;  and  when  one  view  simmus 
to  ofTer  no  sp;ice  for  a  figure,  anotlier  view  gives  the  desired 
opportunity. 

No  finish  marks  or  titlf\s  are  shown  on  this  plate,  these  being 
left  cntirelv  to  the  studcMit  for  insertion. 

MnhVnuj,  The  centers  of  the  curves  for  the  sides  being  on 
the  main  hoiizontal  axis  of  the  nozzles,  the  cylinder,  if  molded  to 
be  cast  vertically  a.s  shown,  will  draw  readily  both  ways  from  this 
line.  Tin*  exceptions  to  this  easy  draw  are  the  foot,  suction  noz- 
zle and  flange,  and  hand-hole  1k)ss.  On  account  of  the  inside  of 
the  cylinder  l)eing  cored,  these  [)i(M^es  if  made  loose  on  the  pattern 
have  am[)le  space  to  be  ** pulled  in**  after  the  main  pattern  is 
withdrawn. 

The  suction  passage  below  the  deck  communicates  with  the 
main  core  through  the  valve  holes,  hence  it  may  be  supported 
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from  the  main  core.  This  involves  some  difficulty,  however.  If 
a  three-part  flask  be  used,  and  another  parting  established  at  the 
center  of  the  suction  flange,  in  addition  to  the  previous  one,  \he 
problem  becomes  much  simplified. 

It  is  desirable  to  make  the  four  chambers  of  the  cylinder  alike 
in  general  proportions.  It  is  then  possible  to  make  a  single  core- 
box,  and  by  the  use  of  loose  pieces  change  the  length  of  the  noz- 
zle cores  and  transpose  from  right  to  left,  thus  saving  labor  on 
the  pattern.  This,  however,  multiplies  the  loose  pieces  on  the 
pattern.  The  many  pieces  are  likely  to  become  lost  and  make 
frequent  repair  necessary.  Hence  it  is  not  always  wise  to  use  a 
single  core  box  too  much,  and  good  judgment  is  required  to  fix 
the  limit. 

Machining.  Special  double  horizontal  boring  machines  are 
now  in  common  use  for  such  cases  as  this  water  cylinder.  The 
centers  are  made  adjustable,  so  that  within  limits  any  distance 
between  piston-rod  centers  can  be  met.  The  advantages  of  double 
boring  are,  of  course,  most  obvious  for  a  considerable  number  of 
duplicate  cylinders. 

It  will  be  noticed  that  the  face  of  the  suction  fiange  is  carried 

out  flush  with  the  cylinder  head  face.     This  aflfords  opportunity 

for  finishing  all  the  end  surfaces  at  a  single  setting  of  the  tool, 

whether  the  work  be  done  on  the  rotary  or  reciprocating  planer. 

This  same  point  might  have  been  observed  on  the  small  hand-hole 

boss  at  the  other  end  of  the  cylinder,  but  the  advantage  gained 

did  not  seem  to  warrant  extending  the  "  reach  "  through  the  hand 

hole. 

Plate  I.    Water  Cylinder,  Cap  and  Air  Chamber.     For   a 

water  cylinder  cap  of  this  size,  the  most  difficult  problem  is  to  find 
room  for  the  hand-hole  bosses.  A  hand  hole  4  inches  X  6  inches 
is  about  as  small  as  can  be  used,  and  this  calls  for  a  flange  at  least 
7  inches  X  9  inches.  These  are  the  proportions  shown  on  the 
plate,  and  since  the  boss  overhangs  the  bolts  in  the  main-cap 
^ange,  it  must  be  cut  away  underneath  to  clear  the  nuts.  If  three 
stud  bolts  are  used  on  each  side,  this  overhang  also  requires  that 
the  nut  be  *'  fed  on  " ;  that  is,  screwed  on  little  by  little  as  the  end 
of  the  stud  protrudes  above  the  flange  when  the  cap  is  being  low- 
ered into  place.  This  is  an  awkward  process,  but  is  sometimes 
necessary. 
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The  discbarge  ell  should  have  an  easy  bend;  usually  the  radius 
is  somewhat  more  than  the  outside  diameter  of  the  pipe,  in  this 
case  50  per  cent  greater.  It  is  customary  on  tbis  piece  to  provide 
an  opening  for  the  attachment  of  a  relief  valve  as  shown,  1|- 
inch  pipe  tap.  This  valve  can  be  set  to  open  at  a  desired  pres- 
sure, so  that  the  water  end  may  be  relieved  in  case  of  accidental 
excessive  pressure. 

The  air  chamber  provides  an  air  cushion  for  the  water  to 
make  the  delivery  more  consttint,  and  take  the  shock  which  would 
otherwise  come  with  hammer-like  force  and  full  intensity  upon 
the  cylinder.  Being  placed  at  the  highest  point  of  the  water  end, 
air  will  naturally  tend  to  collect  in  the  air  chamber  and  keep  it 
charged.  In  some  cases,  however,  a  special  charging  device  is 
necessary. 

Molding  and  Machining.  The  hand  holes  being  at  an  angle 
will  not  "  draw."  Hence  cores  must  be  set  for  these  openings  at 
least,  and  it  may  be  desirable  to  core  out  the  whole  inside  of  the 
cap  for  the  sake  of  keeping  the  pattern  in  good  shape  by  making 
it  solid.     Otherwise  it  is  easy  to  let  it  leave  its  own  core. 

The  overhang  of  the  hand-hole  bosses  requires  loose  pieces 

for  the  overhanging  part.     They  are  "  pulled  "  in  after  the  pattern 

is  drawn. 

The  molding  and  machining  whieli  are  further  required  on 

details  of  Plate  I  are  simple,  and  re(][iiire  no  special  discussion. 

Plate  H.  Plunger  and  Valve  Details.  This  plate  is  notice- 
able for  illustrating  a  method  of  drawing  details  not  used  else- 
where in  this  set  of  plates.  On  the  other  plates  each  piece  is 
separately  detailed.  On  Plate  H  the  details  of  the  valve,  cover, 
seat,  stem  and  spring  are  shown  assembled,  and  dimensioned  with- 
out separation.  This  is  an  allowable  method  when  clearness  is 
not  sacrificed,  but  it  is  usually  found  desirable  only  with  simple 
construction.  It  concentrates  parts  on  the  drawing,  and  probably 
saves  some  time,  besides  showing  the  workman  just  how  the  parts 
go  together.  The  only  test  which  the  student  need  to  apply  in 
this,  as  in  any  method  of  detailing,  is  the  test  for  absolute  clear- 
ness. 

It  is  believed  in  the  case  of  the   valve  as  shown    that  the 

details   are  completely  illustrated  without  sacrificing  clearness. 
Special  care  in  putting  in  dimensions  is  of  necessity  required. 
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The  valve  stem  can  be  unscrewed  either  with  a  socket 
wrench  on  the  inside  or  an  ordinaiy  fork  wrench  on  the  outside. 

The  seat,  after  being  screwed  to  position  in  the  deck,  is 
often  faced  off,  to  true  up  any  distortion  caused  by  screwing  in. 

The  valve  itself,  of  rubber,  can  be  bought  of  any  desired  grade 
of  hardness.  The  specification  for  any  given  set  of  valves  de- 
pend upon  the  quality  of  the  water,  the  pressure  and  the  general 
sei'vice  of  the  pump. 

Molding  and  Machining.  By  reason  of  the  simple  nature  of 
the  parts  on  this  plate,  the  molding  and  machining  is  left  entirely 
to  the  original  consideration  of  the  student. 

Plate  M.  Foundation.  Pumps  are  often  set  directly  upon 
a  foundation  of  brick,  but  it  makes  a  better  job  to  bed  stones,  with 
surfaces  dressed  plane  and  true,  into  the  main  foundation,  and 
rest  the  pump  feet  upon  these  stones.  The  simplest  form  of 
holding  down  bolts  are  shown  on  Plate  M,  a  plain  hook  at  the 
lower  end,  pulling  up  against  a  flat  cast-iron  })late,  to  distribute 
the  pressure  into  the  brickwork.  Tiiese  plates  are  of  coui-se 
bedded,  and  the  bolts  set  as  tlie  foundation  is  built  up.  As 
the  su])sequent  courses  are  laid  some  little  space  is  left  around 
the  bolts,  which  may  be  afterwards  filled  with  cement,  thus 
making  the  bolts  rigid  with  the  foundation. 

The  water  end  of  the  foundation  lias  no  batter,  because  the 
suction  i)ipe  often  drops  vtMtically  down  from  the  end  of  the 
pump,  and  clearance  is  therefore  nec(\ssary. 

The  floor  line  is  placed  4  inches  above  the  brickwork,  to 
allow  for  the  usual  1-inch  top  floor  and  2-incli  plank  beneath,  and 
still  have  a  space  left  for  shims  to  level  the  floor. 

Plate  N.  General  Drawing.  This  is  an  example  of  a  plain, 
everyday  shop  drawing,  to  show  the  relation  of  parts  and  the 
extreme  space  o(*cupied  by  the  pumj).  A  great  deal  of  time  can 
be  needlessly  wasted  in  producing  a  drawing  of  this  character,  by 
trying  to  make  too  faithful  a  picture.  For  example :  If  all  the 
bolt  heads  were  put  in,  it  is  safe  to  say  that  several  hours'  extra 
time  would  be  required  for  this  one  item  alone.  But  the  draw- 
ing would  be  no  better  for  shop  use.  Hence  all  bolt  heads  and 
nut<*  have  been  left  out,  except  when  necessary  to  show  clearance. 

Shade  lines  have  been  put  on  for  no  special  reason  except 
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that  if  they  are  desirable  on  any  drawing  they  are  especially 
desirable  on  a  general  drawing,  where  one  part  overlaps  another, 
as  they  make  it  easier  to  pick  out  and  separate  one  surface  from 
another.  Some  lines  are  shaded  in  this  drawing  wliich  are  not 
strictly  sharp  edges.  It  is  held,  however,  that  the  rounding  of  a 
corner  ouglit  not  to  destroy  its  character  as  an  edge  casting 
a  shadow,  and  such  lines  are  treated  accordingly. 

An  assembled  or  general  drawing  of  this  charaqter  sliould  be 
laid  out  strictly  from  the  dimensions  shown  by  the  details.  It 
thus  serves  a  valuable  purpose  in  checking  up  figures,  and  show- 
ing whether  or  not  the  parts  will  go  together.  The  method  or 
character  of  the  work  in  no  respect  differs  from  that  suggested 
for  the  detail  drawings. 

If  a  scale  of  3  inches  =  1  foot  be  used,  the  size  of  sheet  must 
be  24  inches  X  36  inches.  The  student,  however,  will  perhaps  find 
it  easier  to  use  a  scale  of  1|^  inches  =1  foot,  in  which  case  the 
ordinary  size,  18  inches  X  24  inches,  will  suffice.  For  such  a 
small  scale  it  will  be  found  undesirable  to  attempt  to  put  in  any 
very  small  fillets  and  corners,  although  those  that  can  be  readily 
handled  by  the  ordinary  bow  pen  ought  not  to  be  omitted.  As  a 
matter  of  fact,  the  expert  draftsman  either  leaves  the  corners 
sharp,  as  suggosted,  or  puts  in  the  smallest  curves  freelumd. 

Order  Sheets.  Any  set  of  drawings  is  incomplete  unless  in 
connection  with  it  a  statement  is  made  in  tabular  form  of  the 
complete  make-up  of  the  machine.  An  infinite  variety  of  ways 
exists  for  making  the  specifications.  Sometimcci  the  tabulated 
(lata  are  placed  on  the  general  drawing.  Most  often,  however, 
printed  blanks  are  provided,  usually  of  bond  paper,  arranged  with 
special  reference  to  the  individual  shop  system  and  methods  of 
handling  work ;  these  blanks  are  filled  in  by  the  diaftsman, 
indexed  and  filed  as  a  part  of  the  set  of  drawings.  They  can  l)e 
blue  printed  for  use  in  the  shops  the  same  as  a  drawing.  From 
these  sheets  stock  is  ordered,  checked  off,  and  watched  in  its 
process  of  manufacture. 

Order  sheets  are  indispensable  in  any  well-ordered  shop. 
Hence  they  are  illustrated  on  pages  59,  60,  61  and  62  as  the  final 
step  in  the  set  of  pump  drawings.  They  are  made  as  simple  as 
possible,  and  are  not  intended  to  fit  any  special  shop  system.     As 
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previously  stated,  the  exact  form  and  method  of  classilication  can 
bo  determined  only  when  the  shop  conditions  are  known. 

The  student,  having  carefully  followed  through  the  j)reced- 
ing  pages,  must  not  think  that  he  is  master  of  pump  construction, 
for  even  the  type  illustrated  has  been  but  touched  upon.  The 
object  of  the  detailed  discussion  is  to  get  the  student  in  close 
touch  with  the  spirit  of  construction,  to  make  his  drawings  real 
serious  work.  It  is  hoped  that  the  student  will  work  just  as 
though  a  machine  were  to  be  built  from  his  drawings,  and  built  to 
sell  at  a  profit.  Only  in  this  way  can  advanced  work  in  mechani- 
cal drawing  be  of  benefit  to  him,  for  after  ])ecomi'ng  ex])ert  in 
the  use  of  the  instruments,  no  other  advance  is  possible  except 
advance  in  thtp tight. 
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DATE.                  American  School  of  Correspondence 

MAY  20.  1 902.                                                             AT 

Armour  Institute  of  Technology 

Chicago,  III. 

LIST  OF  CASTINGS 

FOR 

16-8i-12  DUPLEX   PUMP. 

type, 
inside  plunger. 

i 

3 

• 

o 

Name. 

• 

o 
to 

a 

.  CD 

3 

s 

Remarks. 

2 

Steam  Cylinder 

G 

C.  L 

R.  &  L. 

2 
2 

Steam  Cylinder  Head 

G 

C.  I. 

Steam  Chest 

F 

C.  L 

2 

Steam  Chest  Cover 

F 

C.  L 

2 

Slide  Valve                                     F 

C.  I. 

1 

Steam  Pipe 

F 
F 

C.  I. 

1 

Exhaust  Tee 

Ci.      1                            1 

2 

^alve  Steam  Gland 

F 
E 

C.  1. 

2 

Piston 

C.  1. 

8 

Piston  Pipe  Plufj,  l/z'                j     E 

C.  I. 

4 

Piston  Packintj  Kinp: 
Spool 

E 

C.  I. 

2 

E 

C.  I. 

1 

2 

Steam  Cylinder  Cricket 

L 
L 

C.  1. 

--  —    -  

Steam  Cylinder  Stuffing  Box 
Water  Cylinder  Stuffing  Box 

C.  I. 
C.  I. 
C.  I. 
C.  L 
C.  I. 

2 

L 



—      --     —     —    — 

4 

1 
2 

Piston  Rod  Gland 

L 
L 
L 

Valve  Lever  Bracket 

Yoke 

R.  &  L 

1 
1 

Short  Rocker  Arm 

K 

C.  I. 

Long  Rocker  Arm 

K 

C.  I. 

2 

Valve  Stem  Link 

K 
J 

(\  I. 

1 

Water  Cylinder 

C.  I. 
C.  I. 

— 

2 
3 

Water  Cylinder  Head 

J 

—   — 

Hand  Hole  Cover 

—  -  — 

C.  I. 

— — 

1 

Water  Cylinder  Cap 

C.  L 
C.  I. 

1 

Air  Chamber 

1 

Discharge  Ell 

C.  I. 

2 

Plunger 

11 
11 

C.  I. 
Brass 

2 

Plunger  Bushing 

2 

Clamp  Ring 

H 

C.  I. 

32 

Valve  Stem 

H 

Brass 

82 

Valve  Cover 

H 

Brass 

82 

Valve  Seat 

H    1 

Brass 

« 

Foundation  Plate 

M                    C.  I.       1 

49t 
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DATE. 
MAY  20,  1902. 


American    School  of  Correspondence 


AT 


TYPE. 
INSIDE  PLUNGER. 


Armour  Institute  of  Technology 
Chicago,  III. 


LIST  OF   STEEL   AND    MISCELLANEOUS   PARTS 


FOR 


16-8i-12  DUPLEX   PUMP. 


• 

•3 

• 

1 
1 

V 

^ 

1 

4^ 

• 

^* 

be 

1         c 

?5 

Name. 

a 

1     ^^^ 

• 

fi 

i    t^ 

;^ 

Q 

-- 

2 
•> 


1 

1 

1 
•> 


::2 


•IJ 


Valve  Steam  Head 
I  Piston  Kod 
Valve  Stem 
Long  P.  K.  I^ever 


I  Short  P.  K.  Lever 
i   Upiier  Rocker  Shalt 
j   Lower  Kockt'r  Sim  ft 
'   nncktT  Ami  Pin 
Link  Pin 

Lon^'  P.  1{.  Lcvt  T  Kc> 
Sliort  I*.  P.  L«'V<r  Kry 
Pock  or  Ann  K«\ 
Vulvf  S|iri!ig 
\'a]\e 


E 


St. 


Drop  Forgiiijj. 


E 


C.  R.  S, 


E 
K 
K 
K 
K 
K 


St. 


St. 


St. 
St. 
St. 

St. 


Forging 

*' . 

Forging 


K 

St. 

K 

St. 

Drop  Forging 

K 

St. 

Dn»p  Forging 

K 

St. 

Drop  Forging 

II 

Brass  wiro 

Sjiring  Temptr 

11 

Hnhher 

Medium 

1 

—   ... 

-  -  

^Si 
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May 

DATE.            *•    American  School  of  Correspondence              type. 

20,  1902.                                                          AT                                                   INSIDE  PLUNGER. 

Armour  Institute  of  Technology 

Chicago,  III. 

LIST   OF  BOLTS,   NUTS  AND  PINS 

FOR 

16-8i-12   DUPLEX   PUMP. 

• 

♦J 

a 

• 

o 

Name. 

• 

0 

c 

i 
a 

u 

Q 

d 

1 

• 

i 

H 

Remarks. 

24 

Cylinder  Head                     Stud  J  x  3} 

G 
G 
F 

1 

St. 

2U 
4 

Steam  Chest                        Stud  i  x  85 

St. 

Valve  Stem  Gland              Stud  g  x  4^ 

St. 

8 

Piston  Rod  Glaiid               Stud  !}  x  4 

L 

St. 

24 

Water  Cylinder  Head        Stud  J  x  '6\ 

.1 

1 

St. 

12 

Clamp  King                          Stud  |  x  4i 

.1 

Tobin  bz. 

24 

Water  Cylinder  Cap           Stud  1  x  3^ 

J      i 

St. 

—    —  - 

18 
12 

Hand  Hole  Cover                Stud  §  x  2^ 

J 

St. 

Hand  Hole  Cover                Stud  ^  x  2\ 

1 
G 

St. 
St. 
St. 

8 

Exhaust  Tee                 Tap  Bolt  g  x  li| 

16 

Yoke                               Tap  Bolt  J  x  2 

8 
8 

Steam  Cyl.  Stf.  Box     Ta])  Bolt  ^  x  1 J 

G                       St. 
F                       St. 
F     1                  St. 
F                       St . 
J                        St. 

Steam  Pipe                   Tap  Bolt  g  x  li 

4 

Valve  Lever  Bracket   Tap  Bolt  g  x  1^ 

4 

Steam  Cyl.  Cricket      Tap  Bolt  1  x  2^ 

16 

8 

Yoke                             Tap  Bolt  5x2 

Water  Cyl.  Stf.  Box     Tap  Bolt  5  x  1  i 

J 

T 

1 

M 

M 

St. 

8 

Discharge  Ell               Taj)  Bolt  ^  x  2 

St. 

4 
2 

Air  Chamber                Tap  Bolt  5x2 

St. 

' 

Hook  Bolt  (special)          1  x  3'  — 11" 

1     St. 

4 

Hook  Bolt  (special)          IJ  x3'— 11" 

St. 
St. 

1 

Eye  Bolt                              Standard  1" 

r 

34 

Standard  Nut                                       ^ 
Standard  Nut                                       i} 

1                             , 

! 

St. 

44 

St. 

36 
26 

Standard  Nut                                      4  1 

St. 

Standard  Nut                                     1 

St. 
St. 

4 

Standard  Nut                                     1  \ 

4 

Standard  Nut                                     2 
Special  Valve  Stem  Nut  *                  1 

1     St. 
St. 

8 

E 

}  Thick 

4 
2 

Piston  Rod  Split  Pin                     i  x  2 

1     St. 

Spool  Taper  Pin    No.  10  Morse  Taper 

E 

St. 

4'  long 

4    1 

Valve  Bracket  Dowel  Pin             i  x  2  1 

St. 

403 
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DATE. 
MAY  20,  1902. 


American  School  of  Correspondence 


AT 


TYPE. 
INSIDE  PLUNGER. 


Armour  Institute  of  Technology 
Chicago,  III. 


LIST  OF  SPECIAL  FITTINGS 

,  wr.£ 

• 

NCHES,  Etc. 

FOR 

16-8i-12   DUPLEX    PUM 

p. 

t 

a 

• 

o 
A 

#^                  Name. 

• 

o 
a 

1 

Patt.  or 
Piece  No. 

• 

3 

Remarki. 

4 

Drip  Cock                              {' 

G 

1 

2 
4 

Drip  Cock                              i  ' 
Drip  Cock                               }' 

F 

L 
L 

1  Oil  Cup                 r 

5 

1 

Drip  Cock                               1" 

J 

*• 

Relief  Valve                         li" 

I 

175  lbs.  pressure 

1 

1 

— 

1 

Standard  Fork  Wrench        •" 

Standard  Fork  Wrench        J" 

Standard  Fork  Wrench       l" 



1 

Standard  Fork  Wrench       1'' 

1 

1 
1 

Socket  Wrench                     J" 

12"  handle 

Valve  Stem  Fork  Wrench 

Valve  Stem  Socket  Wrench 

494 
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The  various  practical  applications  of  compressed  air  oiver  a  range 
of  pressure  from  a  fra<rtion  of  an  ounce  to  several  thousand  pounds 
per  square  inch.  To  produce  the  required  supply  of  air  with  proper 
pressure  and  economy,  numerons  types  of  compressors,  eiich  having  its 
peculiar  and  appropriate  field,  have  been  designed.  These  are,  in  the 
onler  of  the  pressure  prothiced : — the  disc  fan,  the  centrifugal  blower, 
the  positive  blower,  the  blowing  engine,  the  direct-acting  compressor, 
and  the  compressor  with  crank  and  fly-wheel.  By  the  operation  of  all 
these,  the  same  result  is  produced — the  delivery  of  a  quantity  of  air 
under  an  increased  pressure  and  corres|>ondinf;ly  increased  temper- 
ature, and  the  subsetjuent  rapid  loss  l)y  the  air  of  its  excess  of  temper- 
ature, with  a  proportionate  decrease 
in  volume.  Most  of  the  problems 
in  the  design  of  compressors  are 
created  by  the  heating  of  the  airilnr- 
ing  compression  and  by  the  effects 
so  produced  upon  the  apparatus. 

The  Disc  Fan,  corresponding  to 
the  marine  screw  propeller  in  action, 
is  useful  for  producing  a  flow  of  air 
of  consiiierable  volume  but  with  al- 
most inappreciable  increase  of 
pressure.  It  is  thus  .suitable  for 
purposes  of  ventilati(m  in  ex()elling 
foul  air,  gases,  or  .smoke,  or  for  re- 
moving dust,  fine  shavings,  and 
waste  particles  from  woodworking 
and  grinding  machines.  The  power  expendetl  in  revolving  the  fan 
goes  in  great  part  towards  whirling  the  air  current  around  in  the  fan 
casing  and  pipe — a  wa.sfe  of  efl^ort  which  limits  the  application  of  this 
device  to  conditions  of  imxlerate  speed  and  verj-  light  pre.s.sure. 

The  Centrifugal  Blower.     By  taking  ailvantage  of  the  tendency 
of  revolving  particles  to  fly  away  at  a  tangent,  a  fan  blower,  of  better 
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effidency  and  a  wider  field  of  usefulness  is  afforded.  Partides  of  air 
whiried  around  by  the  blades  of  the  disc  fan  merdy  B.j  out  and  press 
against  the  casing;  but  the  centrifugal  blower  converts  this  action  into 
useful  compression  throu^  the  provision  of  a  spiral  casing  around  the 
fan,  in  which  the  ur  whiried  off  by  the  blades  of  the  fan  is  deBected 
and  conducted  into  a  discharge  pipe  leading  off  from  the  casing.  Tlie 
blower  therefore  consists  of  a  fan  with  radial  or  sometimes  curved 
Uades  which  stand  parallel  to  the  axis  instead  of  oUiquely  as  in  the 
case  of  the  disc  fao,  and  which  revolve  in  a  drcular  or  spiral  casing 
surrouoding  the  ^i  and  opeu- 
ing  into  a  lu^  discharge  pipe 
that  leads  off  at  a  tangmt  in 
any  deared  direction — up, 
down,  or  adeways.  Air  enters 
around  the  shaft  of  the  fan 
through  openings  in  the  craiter 
of  the  casing,  and,  being  re- 
ceived by  the  blades,  is 
whirled  around  aod  thrown 
outward  into  the  surrounding 
chwnber  with  a  pressure  pro- 
portionate to  the  square  of  the 
speed  of  the  fan.  The  pres- 
sure thus  produced  is  sufficient 
for  blowing  fires  of  all  kinds, 
for  removing  small  fragments 
of  wood  as  well  as  finer  particles  from  wood-cutting  machines,  for 
delivering  illuminating  gas  to  holders,  and  for  other  purposes  re- 
quiring a  pressure  of  not  much  over  one  pound  per  square  inch.  The 
centrifugal  blower  is  the  most  efficient  contrivance  known  for  pro- 
ducing these  pressures,  but  its  economy  falls  off  very  fast  if  the  speed 
is  made  so  great  as  to  produce  a  pressure  per  square  inch  of  muc!i 
over  one  pound. 

This  machine  seems  peculiar  in  its  behavior  owing  to  the  fact  that 
it  requires  less  power  to  muhitain  a  certain  speed  when  the  discharge 
passage  is  partly  close<l  than  when  it  is  fully  open.  It  is  evident  that 
when  there  is  no  discharge  opening,  the  fan,  together  with  the  air  be- 
tween Its  blades,  will  spin  around  freely  like  any  wheel.     If  the  di»- 
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I  charge  gate  be  opened,  air  will  Mow  aix)Ut  the  fan  lilades  to  their  outer 
lends,  and  so  into  the  casing  and  thcnc-e  to  the  pipe  system;  while  air 
I  from  the  tenter  of  the  fan  follows  out  into  the  spm'e  between  the  blades, 
■  its  speed  increasing  as  it  approaches  tlie  ends  of  the  blades,  whereupon 
lit  is  hurled  into  tlie  casing.  It  is  the  work  done  in  aceelerating  the 
'  motion  of  these  particles  of  air,  which  explains  the  resistance  to  the 
movement  of  the  fan;  and  this  work  is  evidently  in  proportion  to  the 
quantity  of  air  tiiat  passes  along  the  fan  blades,  Ijeing  zero  when,  by 


® 


Cross-Sect  Ion  ot  Posltlvp  Blower, 

»n  of  the  closing  of  either  suction  or  discharge  opening,  no  air  is 

jdiscbarged,  and  being  greatest  when,  with  full  opening,  the  volume  of 

■^r  passing  is  the  maximum.    The  blades  of  the  blower  would  Ry  in 

pieces  before  Ihc  spceil  toithl  lie  increiLscd  sufficiently  to  produce  an 

r  pressHre-HH*cbT)ver  one  [xjund  per  square  inch. 
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An  apparatus  identical  in  principle  is  the  centrifugal  pump,  which, 
handling  far  heavier  fluids,  produces  by  centrifugal  action  pressures 
nieasureil  by  pounds  instead  of  ounces. 

The  Positive  Blower.  In  direct  competition  with  the  centrifugal 
fan  is  the  positive  blower.  Consider  a  fan  having  opposite  blades,  re- 
volving in  a  closed  casing,  and  carrying  around  with  it  the  air  confined 
between  the  blades.  If  a  radial  partition  could  be  slipped  in  just  after 
one  of  the  blades  had  passed,  the  following  blade  would  compress  the 
air  between  it  and  the  partition,  and  would  force  it  out  through  a  dis- 
charge pipe  if  one  were  provided  near  the  supposed  partition.  This 
partition  might  be  imagined  to  be  momentarily  withdrawn  as  each 
blade  passed,  so  that  successive  portions  of  air  would  be  trapped  and 
compressed.  The  positive  blower  consists  of  a  fan  of  this  sort,  with 
one  or  more  blades,  revolving  in  connection  with  an  "abutment"  per- 
fonning  the  office  of  the  partition  just  alluded  to.  A  well-known  form 
consists  of  a  cylinder  carrying  two  radial  blades,  and  revolving  in  con- 
tact with  a  cylinder  of  half  the  diameter  which  is  provided  with  a  gap 
of  proper  form  to  receive  the  passing  blades.  As  each  blade  travels 
around  the  casing,  it  drives  the  air  before  it  up  to  the  smaller  cylinder, 
whose  gap  conies  around  at  the  proper  instant  to  allow  the  blade  to 
pass,  while  Intercepting  the  air  continuously. 

The  Air  Compressor  is  a  cylinder-and-piston  machine  like  the 
common  steam  engine.  It  comprises  two  sets  of  valves,  usually  de- 
signed to  be  opened  autoniatically  In'  excess  of  pressure  under  them 
and  to  he  closed  by  <;ravity  or  by  the  action  of  springs  when  the  pres- 
sures become  e(jnal.  The  inlet  valves  open  just  after  the  piston  com- 
mences its  stroke,  when  the  expansion  of  the  compressed  air  remaining 
in  the  cylinder  behind  the  ])islon  has  lowered  the  pressure  above  the 
valves,  'i'hey  close  at  the  end  of  the  intake  stroke,  just  as  the  piston 
comes  to  rest.  The  outlet  valves  lift  during  the  compression  stroke,  at 
about  the  time  the  rising  pressure  in  the  cylinder  becomes  equal  to 
that  in  the  outlet  passage  above  the  valves;  and  they  close  when  the 
(low  of  air  ceases  as  the  piston  completes  its  stroke. 

Perfectly  correct  action  of  automatic  valves  is  not  realized  in 
|)rartice.  I'lie  valve  must  evidently  be  larger  than  the  opening  in  its 
seat,  so  that  the  n])per  surface  is  larger  than  the  area  underneath 
reached  by  the  lower  pressure;  consecjuently  the  valve  will  not  open 
until  the  pressnn*  below  is  greater  than  that  al>ove.     To  prevent  de- 
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Mmctive  slamming  of  the  valves,  springs  musl  be  provided  to  force 
them  to  their  seats  jiisl  iis  the  flow  iviLses  and  l)efore  the  reverse  stroke 
of  the  piston  can  cause  much  backward  flow  of  air.  The  prensiire  of 
the  springs  acts  to  choke  the  flow  tlimn{;li  the  viiKi-s.  increasing  the 
resistance  they  offer  to  the  passajjc  of  air.  Lar^^f  ci uuiircssorH  are 
therefore  often  proviilcil 
with  mechanical  ly-acln  a  ted 
valves  which  are  o]>eiicd 
and  clo.'^ed  smoothly  at  ili<' 
proper  moment  hv  encii- 
trics  and  valve  rods,  Aii\ 
of  the  steam-engine  valv. 
gefin;  may  Ik-  nsed  for  coiu- 

iressors,  and  designed   l>y 
sami?  nietliod.i,  oliserv- 

ng  only  that   the    coin- 

iressor  is  in  every  way  a 

Bveracd  steam  engine,  ho 
lal  its  di.^harge  port  and 

fAves  are  dnplicate>i  of  llic 

diet  details  of  the  engine, 

rtiile  the  engine  e.xhansl 

Ind  the  compressor  inlet 

alves  are  also  similarly  rc- 

Varying  initial  for  Iv.i!- 
r)  pressure  is  compensated , 
itceptin  throltliiig  engines, 
w  varying  time  of  inl  ■!- 
live  closure  or  "cut-off;" 

1   varying   discharge 

ssure  in  a  compressor 
l!U  for  variation  in  time  of 

pening  of  the  dis^-harge  valves.     In  Ijoth  ca.srs.  the  means  of  «iria- 
tm  constitute  the  chief  problem  for  the  designer. 

Mechanically-moved  inlet  valves  of  compressors  act  always  at  the 
one  points,  oi>ening  a  trifle  after  tlie  pistim  starts  on  tlie  intake  stmke. 
id  dosing  exactly  at  the  end  of  tlie  same  stroke;  but  tlie  discharge 
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valves  must  open  at  the  instant  the  piston  has  compressetl  the  air  in 
front  of  it  to  a  pressure  equaling  that  al>ove  the  valves  in  the  discharge 
pipe.and  must  dose  always  at  the  same  instant,  at  the  end  of  the  stroke. 
As  the  compressor  may  be  working  against  a  pressure  greater  or  less 
than  that  reg'ilnrly  carrie<l,  the  discharge  valves  must  lie  so  controlled 
as  to  open  at  whatever  point  is  required  by  the  pressure  then  being 
carried.  The  require- 
ments are  sometimes  met 
by  putting  automatic 
lift-valves  alMJve,  or  even 
directly  upon,  the  me- 
^  chanical  discharge 
t  valves,  giving  the  com- 
c.  bination  the  effect  of 
■°  valves  automatic  as  re- 
^  ganls  their  opening,  but 
0  ]x>sitively  closed  by  the 
■3  mechanism  at  the  proper 
%  instant.  Such  lift-valves, 
e  l>eing  shut  off  entirely  at 
^^  the  proper  closing  in- 
c  stant,  seat  themselves 
i  without  noise  or  shock, 
-  and  may  therefore  have 
S  very  light  springs,  caus- 
j.  ing  less  resistance  to  the 
air  passing  through. 

Where  the  e.\pense 
of  full  mechanical  action 
is  warrantee!  on  account 
of  the  superior  efficiency 
obtainable,  poppet  or 
cd  In  ripen  by  means  of  springs  or  air  dash- 
is  rcl<'a,scd  cither  through  the  rising  pres- 
sure in  the  cylinder  cii.siii;;  (lie  valve  on  its  seat,  and  reducingthe  friction 
until  the  valve,  when  balanced,  slips  freely  open ;  or  through  the  same 
pressure  acting  on  a  piston  altachcii  to  a  pusher,  the  operation  o( 
which  results  either  in  .slartin<;  the  valve  in  spite  of  friction  or  in  lift- 
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ng  n  patch  and  thereby  freeing  tlie  spring  or  (la.shpot  mechanism  of 
[he  compressor. 

Compound  Compressors.  WiUe  low-compression  pressures  are 
accompanied  hv  only  iinKlerate  heating  of  llie  air  during  compression, 
the  production  of  high  pressures  is  altended  with  excessive  heat  anfl 
isiderable  increase  in  the  volume  of  the  compressed  air.  As  the 
r  leaving  the  cyHnder  s<mn  resumes  (he  normal  temperature,  and 
s  in  volume  accordingly,  the  extra  work  done  in  compressing 
the  increased  vohmie  is  wasted.  Compressing  cyUnders  in  operation 
are  always  cooled  by  water  or  otherwise;  hut  it  is  impos,sihle,  even  by 
spraying  water  into  the  (.Tlindcr,  to  keep  the  air  from  rising  consider- 


Wy  in  temperature.     For  high  pressures,  resort  is  therefore  had  to 
Sompound  compression,  the  air  being  parsed  successixely  through 
r  low-pressure  to  smaller  high-pressure  cylinders,  Ijetween  which 
i  locateil  inter-coolers  whose  function  is  to  restore  the  air  to  its 
ginal  temperature  before  it  enters  on  the  next  stage.     The  volume 
i  the  air  is  thus  kept  as  small  as  possible;  and  the  successive  stages  of 
Dipression  result  In  producing  the  requireil  pressure, with  a  minimum 
(  loss  frfim  heating  during  the  prtxess.     Two-stage  machines  are 
referred  to  single-stage  where  air  must  be  compressed  to  one-sixth  or  .t 
greater  fraction  of  its  volume  at  atmospheric  pressure  (measuring 
prejisures  from  absolute  vacuum);  and  three  or  more  stages  are  re- 
quired in  compressing  to  less  than  one-si.\tb.     Cylinder  diameters  are 
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selecterl  which  will  pmvide  for  about  the  same  amount  of  work  being 
done  in  earh  cvlimier. 

Most  compressor  problems  deal  with  air  taken  directly  from  the 
atmos[)here  at  its  sea-level  pressure;  but,  as  at  moderate  elevation  there 
\s£L  marke<l  decrease  of  the  atmospheric  pressure,  compressors  for  high 
IfK-ations  must  deal  with  air  at  pressures  below  fifteen  pounds  absolute. 
I  nder  such  conditions  the  volume  of  air  taken  into  the  compressor  at 
each  stroke  wei;^hs  less,  and  therefore  less  air  is  delivered  by  the  com- 
pressor, while  there  is  a  corresponding  decrease  in  the  power  to  run  the 
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machine.  The  ratio  of  compression,  and  the  rise  in  temperature,  are 
pro])ortionately  increased,  so  that  a  two-stage  compressor  may  be 
(lesiral)le  for  pi-essnres  that  would  call  for  only  single  cylinders  at  sea- 
level.  Thus,  at  many  of  the  mines  in  the  Rocky  Mountain  region,  the 
atniospheri(!  pressure  is  as  low  as  eleven  pounds  per  square  inch,  so 
that  1)0  pounds'  air  pressure  by  gauge  recjuires  a  compression  ratio  of 
nine  to  one,  which  is  considerably  beyond  that  proper  for  a  single-stage 
compressor.  In  general,  high-level  compressors  should  l>e  specially 
proportioned  for  their  work. 

Methods  of  Driving.  Like  pumps  and  other  machinerj',  com- 
pressors are  direct-connected  to  engines  or  are  driven  through  gears  or 
belts  from  separate  sources  of  power.  The  reciprocating  piston  com- 
pressor re(juires  a  varying  efTort  to  balance  the  cylinder  pressure,  since, 
during  the  stroke,  the  piston  moves  against  an  increasing  air  pressure, 
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and  finally  against  the  full  (tisoharge  pressure,  in  pushing  out  the  con- 
Icnts  of  the  rvlintler,  Direct-fonnecteil  compressors  are  either 
"straight-line"  (tandem),  having  steam  and  air  pistons  on  the  same 
piston  rod.  or  they  are  connected  to  cranks  set  at  an  angle  on  a  com- 
mon shaft.  The  first  method  reduces  floor  space  and  cwst,  but  re- 
quires very  heavy  fiy  wheels,  and  makes  tlie  machine  lialile  to  stop  on  a 
center  if  run  much  below  full  speed  and  capacity. 

It  is  evident  that  steam  used  expansively  supplies  against  the 
piston  a  force  decreasing  toward  the  end  of  the  stroke,  while  air  during 
compression  opposes  a  force  increasing  towards  the  end  of  the  stroke, 
thus  the  jMiwer  rapidly  talis  off 
as  the  resistance  increases,  caus- 
ing a  perceptible  reduction  in 
speed  at  the  end  of  each  stroke. 
If  such  a  machine  could  be  run 
at  high  speeti.the  weight  (or  more 
nirreolly,  the  mass)  of  the  pistons 
i'ud   connections  would,   by  in- 


porubii-  Motor  Drlwn  Compn-'i^or. 

,,  help  out  the  decreasing  steam  pressiire  when  slowing  to  pass 
e  centers,  and  thus  prtnluce  a  Tn()re  even  effort  on  the  cnink;  but 
£ciently  high  speeds  are  not  posable  for  the  automatic-lift  valves 
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generally  used  on  small  compressors.  The  varying  power  and  resist- 
ance can  be  very  satisfactorily  balanced  by  connecting  steam  and 
compressing  pistons  to  separate  cranks  set  at  right  angles.  Having 
provided  two  frames  and  cranks,  a  slight  additional  outlay  will  supply 
an  extra  pair  of  cylinders  tandem  to  the  first  pair,  making  a  full  duplex 
compressor.  The  excess  steam  pressure  at  the  commencement  of  the 
stroke  of  one  side  is  here  transmitted  by  the  crank  shaft  to  the  other 
side  of  the  machine,  to  help  out  the  deficient  pressure  of  the  expanded 
steam  when  the  stroke  is  nearly  finished.  Such  a  machine  has  no 
"dead  centers,"  and  can  be  run  at  very  slow  speed  when  necessary. 

As  it  is  generally  desirable  to  maintain  a  constant  air  pressure, 
and  to  vary  the  speed  of  the  machine  according  to  the  quantity  of  air 
required,  speed  governors  for  the  steam  cylinders  are  not  needed  ex- 
cept to  prevent  racing  in  case  of  a  bursting  pipe  or  other  excessive  dis- 
charge of  air.  Some  form  of  adjustable  cut-off  valves  is  very  desirable 
in  order  to  allow  of  suiting  the  work  of  the  steam  cylinder  to  the  load. 
The  pressure  is  controlled  by  automatic  devices  actuated  by  the  rise 
and  fall  of  the  air  pressure,  either  shutting  off  the  air  intake,  opening  a 
by-pass  around  the  compressor  piston,  or  (in  case  of  duplex  machines 
which  can  start  from  rest  without  attention)  shutting  off  steam  and 
stopping  the  machine. 

A  description  of  the  standard  types  of  commercial  compressors 
would  be  incomplete  without  reference  to  the  most  remarkably  waste- 
ful "steam  cater"  known  to  the  compressor  trade — a  machine  using 
ten  times  as  niiich  steam  as  would  he  necessary  for  pumping  the  same 
amount  of  air  hy  means  of  a  fairly  economical  compressor,  and  yet  a 
device  most  intjjenious  and  entirely  satisfactorj^  for  its  work.  This  is 
the  air-brake  pump,  which,  for  actual  conditions  of  train  senice — 
where  it  stands  idle  until  the  closing  of  the  throttle  and  the  application 
of  brakes  leave  a  large  and  heavily  fired  steam  boiler  to  blow  off  at  the 
safety  valve  until  the  fire  can  be  checked — is  seen  to  be  well  adapted. 
Indicator  cards  show  that  the  entering  steam  is  throttled  through 
about  half  the  stroke,  while  the  exhaust  is  similarly  choked  at  first  and 
only  let  out  freely  about  the  time  of  full  opening  of  the  valve.  The 
result  is  a  "straight-line"  compressor  having  no  crank  or  fly  wheel, 
with  nothing  moving  but  its  two  pistons  and  one  rod,  and  yet  so  per- 
fectly balanced  between  effort  and  resistance  that  its  strokes  are 
smoothly  made  at  any  speed  from  slowest  to  fastest,  and  all  with  max- 
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imum  simplicity  and  minimum  weight.  These  machines  are  also 
built  with  compound  steam  and  two-stage  air  cylinders,  and  in  these 
cases  have  pressures  in  the  cylinders  so  nearly  uniform  that  the  steam 
distribution  may  be  considerably  more  economical  than  it  is  possible 
to  obtain  in  the  single-stage  compressor. 

The  selection  of  general  types  and  special  details  for  compressors 
must  be  based,  as  in  all  other  cases  of  machine  design,  on  the  practical 
condition  of  getting  the  best  return  from  the  money  invested,  with  due 
regard  to  the  importance  of  reliability  and  durability  in  each  par- 
ticular case. 


REVIEW    QUESTIONS. 


PRACTICAL  TEST  QUESTIONS. 

In  the  foregoing  sections  of  this  Cyclopedia 
numerous  illustrative  examples  are  worked  out  in 
detail  in  order  to  show  the  application  of  the  various 
methods  and  principles.  Accompanying  those  are 
examples  for  practice  which  will  aid  the  reader  in 
fixing  the  principles  in  mind. 

In  the  following  pages  are  given  a  large  number 
of  test  questions  and  problems  which  afford  a  valu- 
able means  of  testing  the  reader's  knowledge  of  the 
subjects  treated.  They  will  be  found  excellent  prac 
tice  for  those  preparing  for  College,  Civil  Service, 
or  Engineer's  License.  In  some  cases  numerical 
answers  are  given  as  a  further  aid  in  this  work. 
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MACHINE    SHOP   WORK. 

PART  I 


1.  What  are  limit  gauges? 

2.  When  are  calipers  used?  and  how  are  they  set? 

3.  If  tliere    are  40  threads    per  inch  on   the    micrometer 
screw,  what  is  the  reading  of  this  micrometer? 


4.   What  is  a  soft  hammer,  and  when  is  it  used  ? 
6.    What  is  a  chuck  drill  ? 

6.  What  methods  are  used  for  cleaning  a  file? 

7.  How  should  a  file  be  held  for  fine  filing? 

8.  Describe  the  surface  gauge. 

9.  Describe  the  micrometer  caliper. 

10.  Describe  two  common  forms  of  chisel,  and  state  under 
what  conditions  they  are  used. 

11.  Why  is  not  the  cutting  surface  of  a  file  perfectly  flat? 

1 
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12.    Give  the  reading  of  the  micrometer  caliper  when  in  the 
position  shown. 


13.  What  methods  are  used  for  holding  a  file  for  filing  large 
surfaces  ? 

14.  Describe  the  twist  drill. 

15.  What  is  a  vernier? 

IG.    What  is  tiie  reading  of  the  vernier  micrometer  caliper 
when  in  the  positions  shown? 


ii 


17.    What  is  the  result  when  the  lips  of  the  twist  drill  lire 

of  lUHMjUal  l(Ml^th  ? 

is.  When  an^  reaniei*s  used? 

^\K  How  much  less  should  the  diameter  of  the  drilled  hole 
be  than  linish  size  if  a  reamer  is  to  be  use<l  ? 

20.  Kxplaiu  the  methods  of  cutting  seivw  threads  with 
a  die. 

:^1.  V/hat  advautiige  has  an  adjustable  reamer  over  a  solid 
reamer  ? 
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PART  II 


1.  What  is  a  mandrel  ? 

2.  Describe  the  rise-and-fall  rest. 

3.  How  long  will  it  take  to  turn  a  chip  18  inches  on  a  shaft 
24  inches  long  and  3i  inches  in  diameter? 

Assume  cutting  sj^eed  20  feet  per  minute. 
Assume  feed  ^-^j  inch  per* revolution. 

4.  I)escril)e  the  process  of  making  a  taper  fit. 

5.  The  lead  screw  has  a  pitch  of  i  inch.  What  is  the  ratio 
of  gears  to  be  used  to  cut  a  screw  with  18  threads  per  inch? 

6.  Describe  the  process  of  bringing  the  countersink  back 
U)  center. 

7.  For  what  purpose  is  the  back  gear  of  a  lathe  ? 

8.  Describe  some  methcxl  of  adjusting  pieces  to  center. 

9.  Descril)e  the  shajx's,  and  state  the  uses  of  the  following 
lathe  tools :  Diamond  point,  side  or  facing  tool,  parting  tool,  and 
square-nosed  tool. 

10.  Why  are  lubricants  used  in  turning? 

11.  Describe  the  method  for  finding  the  clearance  for  a  tool 
for  cutting  square  threads. 

12.  On  account  of  not  having  the  proj)er  gears  at  hand  com- 
pound gears  must  be  used.  The  lead  sci-ew  hjis  4  threads  per 
inch,  and  a  screw  having  9  threads  per  inch  is  to  be  cut.  The 
gears  chosen  for  drivers  are  of  24  teeth  on  the  spindle  gear  and 
30  on  the  intermediate.  What  gear  should  be  used  for  the  inter- 
mediate driven  if  the  screw  gear  has  60  teeth  ? 
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13.  Descril)e  the  U.S.  Standard  thread. 

14.  Describe  the  steady  rest. 

15.  How  would  you  adjust  a  piece  to  center  if  the  hole  must 
be  run  true  ? 

16.  Why  should  a  lx)ring  tool  have  more  cleanince  than  a 
turning  tool  ?     Explain  with  sketch. 

17.  Explain  the  method  of  turning  a  taper  by  setting  the 
tiiilstock  over. 

18.  In  wliat  direction  does  the  carriage  run  when  cutting  a 
right-hand  tliread  ? 

19.  A  screw  of  14  threads  is  to  be  cut  in  a  latlie  having  a  lead 
screw  of  3  tlireads  per  inch.  Comi)ound  gears  are  to  be  used. 
The  gears  available  have  20,  30,  40,  50,  60,  70,  and  80  teetli. 
What  ones  are  to  be  used  and  where  ? 

20.  How  is  motion  transmitted  from  the  cone  pulley  of  a 
drill  press  to  the  drill  ? 

21.  How  is  motion  transmitted  from  tlie  spindle  to  the  lead 
screw  ? 

22.  I)escril)e  cleamnce  and  rake  as  applied  to  a  lathe  tool. 
Give  approximate  values  in  degrees  for  cutting  steel. 

28.    Should  a  tool  for  turning  brass  have  rake  ?     Why  ? 

24.  The  end  of  a  piston  rod  is  to  be  turned  tinkering.  The 
piston  rod  is  28  inches  long;  the  tapered  portion  is  to  l)e  3  inches 
h\\\<r.  Tlie  (liiinu'tcrs  of  trio  ta(>er  are  to  l)e  2}  inches  and  2S 
inches.      How  much  must  the  tail  hloek  he  set  over? 

2o.  Suppose  th(^  lead  screw  of  a  lathe  has  4  threads  per  inch 
and  we  wish  to  cut  11  threads  j)er  inch.  The  gear  on  the 
spindh?  has  1^0  teetli.  What  gear  should  be  chosen  for  the  lead 
screw '/ 

20.    What  is  a  TUiiversal  radial  drill  ? 

27.  In  what  ways  is  a  twist  diill  })referal)le<  to  a  flat  drilH 
IIow  is  tli(^  drill  made  to  turn  with  the  spindle? 

liS.    I/csci'ihe  the  iniiversal  chuck. 

2U.    Wliv  should  not  a  UnA  he  set  too  hiirh  ? 

.*>0.    How   loULf  will   it   take   to  turn  a   chip  from  a  shaft  ♦ 
inches  loniif  .VI  inches  in  diameter? 

Assmne  cuttini';'  spee(l  2^>  feet  }H*r  minute. 

Asstune  feed  of  j^\,  inch  per  rcNolution. 
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ON     T  H  K     M  U  II  J  K  O  T     OK 

HEATING    AXD    V^ENTILATION 

PART   I. 


1.  What  advantage  does  indirect  steam  heating  have  over 
direct  heating?     What  advantages  over  fnrnace  heating? 

2.  What  are  the  causes  of  heat  loss  from  a  building? 

3.  Why  is  hot  water  esi)ecially  adapted  to  the  warming  of 
dwellings? 

4.  What  proportion  of  carbonic  acid  gas  is  found  in  out- 
door air  under  ordinary  conditions? 

5.  A  room  in  the  N.  E.  corner  of  a  building  is  18'  square 
and  10'  high ;  tliere  are  5  single  windows,  each  8'  X  10'  in  size. 
The  walls  are  of  brick  12"  in  thickness.  With  an  inside  temper- 
ature of  70  degrei's  what  will  be  the  heat  loss  per  liour  in  zero 
weather?  Ans.  21,4-17  B.  T  U. 

i).  State  four  important  points  to  be  noted  in  the  care  of  a 
furnace  ? 

7.  A  grammar  scliool  building  lias  4  rooms,  one  in  each 
corner,  eacli  being  .*)0'  X  30'  and  14'  high  and  seating  50  pupils. 
The  walls  are  of  wooden  construction  and  tiie  windows  make  up 
^  of  the  total  exposed  surface.  The  basement  and  attic  are 
warm.  How  many  pounds  of  coal  will  be  required  per  hour  for 
both  lieatinc:  and  ventilation  in  zero  weather  if  8000  B.  T.  U.  are 
utilized  from  each  pound  of  coal?  Ans.   96.3  lbs. 

8.  What  two  distinct  types  of  furnaces  are  used?  What 
are  the  distinj^uishini]:  features? 

i).  Wnat  is  meant  by  the  efficiency  of  a  furnace?  Wliat 
efficiencies  are  obtained  in  ordinary  practice? 

10.  What   are    the    principal    parts    of   a    furnace?     State 
briefly  the  use  of  each. 

11.  A  brick  house  20'  X  40'  has  3  stories,  each  10'  high. 
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The  walls  are  12^  in  thichness  and  ^  the  total  exposed  wall  is 
taken  up  by  windows,  which  are  double.  The  basement  is  warm, 
but  the  attic  is  cold.  The  house  is  to  be  warmed  to  70  degrees 
when  it  is  ten  degrees  below  zero  outside.  How  many  S([uai*e 
feet  of  grate  surface  will  be  required,  assuming  usual  eiHciencies 
of  coal  and  furnace  ?  Ans.  8.5  square  feet. 

12.  A  high  school  is  to  be  provided  with  tubular  boilers. 
What  H.  P.  will  be  required  for  warming  and  ventilation  in  zero 
weather  if  there  are  600  occupants,  and  the  heat  loss  through 
walls  and  windows  is  1,500,000  B.  T.  U.  per  hour? 

Ans.  114.8 

13.  What  are  the  three  essential  pai*ts  of  any  heating 
system  ? 

14.  Is  direct  steam  heating  adapted  to  the  warming  of 
schoolhouses  and  hospitals  ?     Give  the  reasons  for  your  answer. 

15.  The  heat  loss  from  a  dwelling  house  is  280,000  B.  T.  U. 
per  hour.  It  is  to  be  heated  wich  direct  steam  by  a  type  of  boiler 
in  which  the  ratio  of  heating  surface  to  grate  surface  is  28. 
What  will  be  the  most  efficie.. .  rate  of  combustion,  and  how 
many  square  feet  of  grate  surface  will  bo  required? 

Ans.  7  pounds.      5  sq.  feet. 
1().      What  is  the  use  of  a  blow-off  tank  ?     Show  by  a  sketch 
how  tlie  connections  are  made. 

17.  How  are  the  sizes  of  sin^fle  pipe  risers  computed? 

18.  What  WH^iii^lit  of  steani  will  he  discharged  per  inin. 
tlirouj^h  a  <>"  pijjc  ')00'  long  with  an  initial  presure  of  10  pounds 
and  a  drop  of  J  pound  in  its  entire  leniT^th? 

19.  What  is  an  air  valve?  Tpon  what  principles  does  it 
work  ? 

20.  What  size  of  steam  pijK^  will  he  riMpiired  to  discharge 
2  I0()  pounds  of  steam  per  hour  a  distance  of  900',  witli  an  initial 
pressures  of  sixty  pounds  and  a  (l!-o[)  in  pressure  of  o  pounds? 

Ans.  i)i  dia. 

21.  What  ol)jection  is  there  to  a  sini^-le  pipe  riser  system? 
How  is  this  sometimes  overcome  in  lar«^e  buildings? 

22.  What  patterns  of  valves  sliould  \n\  used  for  I'adiators? 
What  conditions  of  construction  must  ]>e  ohsei'ved  in  making  the 
connections  between  the  radiator  and  riser  ? 
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23.  The  heat  loss  from  a  shop  is  36,000  B.T.U.  per  hour ; 
how  many  linear  feet  of  2"  pipe  will  be  required  to  Warm  it,  using 
low  pressure  steam?  Ans.  192  feet. 

24.  What  are  meant  by  '*wet"  and  "dry"  returns? 
Which  is  the  better,  and  why  ? 

25.  How  many  linear  feet  of  1^"  pipe  are  required  to  give 
oflf  the  same  amount  of  heat  as  a  cast  iron  radiator  having  125 
square  feet  of  surface?  Ans.  215  feet. 

26.  What  three  systems  of  piping  are  commonly  used  in 
direct  steam  heating?     Descnl)e  each  briefly. 

27 .  What  is  a  '*  branch  coil  ?  "  What  is  a  '*  trombone  coil  ?  *' 
In  what  cases  would  you  use  a  trombone  coil  instead  of  a  branch 
coil? 

28.  What  is  meant  by  the  effieiencv  of  a  radiator?  Give 
average  efficiencies  of  cast  iron  and  pipe  radiatoi-s,  also  circulation 
coil. 

29.  The  heat  loss  from  a  room  is  22,500  B.T.U.  in  zero 
weather.  What  size  of  cast  iron  radiator  would  be  required  to 
warm  the  room  when  it  is  twenty  degrees  below  zero? 

Ans.  128  square  feet. 

30.  Where  would  you  place  the  direct  mdiation  in  a  school* 
room? 
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PART   II. 


1.  How  would  you  obtjiin  the  sizes  of  the  cold  and  waiiii 
air  pipes  coniiectiug  with  indirect  heatere  in  dwelling-house  work*^ 

2.  What  is  an  aspirating  coil  and  what  is  its  use  ? 

3.  What  cHiciencies  may  l)e  allowed  for  indirect  heatei"s  in 
schoolhouso  work?  How  would  you  coni2)ute  tlio  size  of  an 
indirect  heater  for  a  room  in  a  dwelling  house? 

4.  How  is  the  size  of  a  direct^indirect  radiator  computed^ 

5.  A  schoolroom  on  the  fourth  floor  is  to  l)e  supplied  with 
2,400  cubic  f'cct  oF  iiir  {)cr  minute.  What  should  he  the  area  of 
tlie  warm-air  sup])ly  iluc? 

A  us.  0  square  feet. 

<).  What  is  the  cliicf  objection  to  a  mixing  damper,  and  how 
may  this  ])c  oycrcomc  ? 

7.  How  many  scpiarc  feet  of  indirect  radiation  will  be 
requircil  to  waini  and  ventilate*  a  sclioolrooni  when  it  is  lO 
(leofrces  IhOow  zitu,  if  the  heal  loss  tliroicrji  walls  and  windows  is 
42,000  n.  T.  V.  and   the  air  supply  120,000  cubie  feet  i)cr  hour? 

Ans.  ']{[)  s(puire  feet. 

S.  Wliat  is  the  dilTercnee  in  construction  between  a  steam 
radiator  and  one  (lesi«'-ned  for  hot  water?  Can  the  steam  nidiatoi 
be  used  for  hot  water?     Stat(»  reasons  for  answer. 
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9.     How  may  the  piping  in  a  hot  water  system  be  arranged 
so  that  no  air  valves  will  be  required  on  the  radiators? 

10.  What  efficiency  is  commonly  obtained  from  a  direct  hot 
water  radiator?     How  is  this  computed? 

11.  How  should  the  pi^^es  be  giaded  in  making  the  conneo- 
tions  witli  indirect  hot  water  heaters?  Where  should  the  air 
valve  be  placed? 

12.  Describe  briefly  one  form  of  grease  extractor. 

13.  What  is  the  office  of  a  pressure  reducing  valve  in  an 
exhaust  steam  heating  system  ? 

14.  Upon  what  principle  does  a  pump  governor  operate? 

15.  What  type  of  pipe  fittings  should  always  be  used  in  hot 
water  work? 

16.  How  is  the  water  of  condensation  returned  to  the  boilers 
in  exhaust  steam  heating  ? 

17.  How  many  cubic  feet  of  air  per  hour  will  be  discharged 
through  a  flue  2  feet  by  3  feet  and  60  feet  high,  if  the  air  in  the 
flue  has  a  temperature  of  80  degrees  and  the  outside  air  60 
degrees  ? 

Ans.  134,280  cubic  feet. 

18.  In  a  hot  water  heatin^Tf  system  what  causes  the  water  to 
flow  through  tlie  {)ipes  and  radiators?  How  does  the  height  of 
the  radiator  above  the  l)oiler  effect  tlie  flow? 

19.  What  preeaution  should  always  be  taken  before  starting 
a  fire  under  a  steam  boiler? 

20.  What  is  the  free  opening  in  scpuire  feet  through  a 
register  24  inches  by  48  implies?  Ans.  5.3  square  feet. 

21.  Why  are  return  i)umps  or  return  tra[)s  necessary  in 
exhaust  steam  heating  plants  ? 

22.  What  elficiency  may  be  obtained  from  indirect  hot 
water  radiators  under  usual  conditions  ?  What  is  the  common 
method  of  computing  indirect  hot  water  surfafie  for  dwelling  house 
work  ? 

23.  State  briefly  how  a  return  trap  operates. 

24.  Wliat  is  the  use  of  an  expansion  tank,  and  what  should 
be  its  capacity  ? 

25.  Describe  the  action  of  one  form  of  damper  regulator. 
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i^.     Wliii  i>  tiie  T'rin:::ikl   •iir-rT'f^."*  l^erwieieai  a  hot  mmter 
beAic-T  Ar_-i  k  ^^jlhi  ":•  'ilrr  .*     W^i  lyr.-  c.f  beiAier  is  best  adjipted 

2?.  A  h  t^i-.Lal  VAri  r^./i-re>  ♦*•-•.*>»  cTabac  het  of  air  fier 
h'.KiT  f':«r  Ttr^Tilfcl::*':.  AZii  ir.-e  be.^;  j  >?«>  ihrc^cirl-  trails  aikI  windows 
is  I40j»*»  B.  T-  U.  ptz  bi'-nT.  H:-Tr  r^Anj  $*:^uAiie  feet  erf  indirect 
will  he  r*t::uir>hi  in  irrc*  w-AihrT  ? 

Answ  491  sq.  ft- 

31.  A  b».»?v-:''jvl  wiri  i-  wirn>e»i  Vv  'iirrci  Leal  and  it  is 
to  a*ii  Yr:.::-*:: .:-  ":  v  .:>::^  i&iir£>.l  rA*iL=iM»rs  f  >r  ^rarmin'- 
the  air  >aj»T  ly.  Tlt  ^-.r^i  Li-  -•>  cvhi^ul::!?^  HoTiiiiiiiv  square 
fe*t  of  ir-iire.:  >::'*-. t-  will  i»r  re-::i:red  wben  it  is  10  degr^t:?- 
below  zirrx  al>>'!r:r^  i-_  r±v:r---v  of  •>v*>  ? 

Ar.s.  211  &;.  ft- 
32-      A  dr-:  f  •::  :.J.•^--r:•::L:  ::.  a  :ii^  ><ho>I  }-a-i  4M  ^mpils. 
how  it-alt  5.jiAr^  :— :  -.:^  •.  si.    :li  :'.r  "^fii":  d^ir  i^v^  ? 

Ar.s.  o.S  s-j.  ft. 

3->.     A  irv.:-  ^"\^:ii::  .,:   ^.L  .  i   :•:•  m   LiTi:.^    lo    rui'ils   is 

fceaiei  i  V   :::-:..:  -v  .>-.      I:   >    .-y.ir'-:  :•:    ir.vrv.vi^  the  sizt  of 

V'iier   \:.[  i:.::>iM.r  v>^:.:_  .:.  :.     v  :.  nns   ::  iiiir^ee;  L  t   Tr:iier 

rAtir.::*.      H    "r...:..  :    ::-  >; -.-.-^  ir-r:    :f  ir"ite  >v.rfaoe  will   l^ 


l>:rq.iirtvl  II.  t-.<r  L.r'»V  LOL^cT  lOr  LrrT.*  Wcot^cF 
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REVIETV    QUESTIONS 

ox     TUB     SUBJBCT     OF 

HEATING    AND    VENTILATION. 

PART  III. 


1.  A  raain  heater  contains  1,040  square  feet  of  heating  sur- 
face made  up  of  wrought  iron  pipe,  and  is  used  in  connection  with 
a  fan  which  delivers  528,000  cubic  feet  of  air  per  hour.  The 
heater  is  20  pipes  deep  and  lias  a  free  area  between  the  pipes  of 
11  scjuare  feet.  If  air  is  taken  at  zero,  to  what  temperature  will 
it  be  raised  with  steam  at  5  pounds  pressure  ? 

Ans.  140^ 

2.  A  nine-foot  fan  running  at  130  revolutions  delivers 
40,000  cubic  feet  of  air  p(»r  minute.  If  the  fan  is  speeded  up  to 
169  revolutions,  and  an  electric  motor  sul)stituted  for  the  engine, 
"what  will  bo  the  rating  of  tlio  recj^uired  motor? 

3.  What  precaution  must  be  taken  in  connecting  the  radi- 
ators in  tiili  buildings. 

4.  Give  the  size  of  heater  from  Table  II,  which  will  be 
required  to  raise  072,000  cubic  feet  of  air  per  hour,  from  10**  be- 
low zero  to  90°,  with  a  steam  i)ressure  of  20  pounds.  If  the  air 
quantity  is  raised  to  840,000  cubic  feet  per  hour  through  the  same 
heater,  what  will  be  the  resulting  temperature  with  all  other  con- 
ditions the  same  ? 

Ans.  85.5^ 

5.  A  fan  running  at  150  revolutions  produces  a  pressure 
of  ^  ounce.  If  the  speed  is  increased  to  210  revolutions,  what 
will  be  the  resulting  pressure  ? 

6.  A  certain  fan  is  delivering  12,000  cubic  feet  of  air  per 
minute,  at  a  speed  of  200  revolutions.  It  is  desired  to  increase 
the  amount  to  18,000  cubic    feet.     What    will    be    the  reijuired 
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speed  ?     If  the  original  power  required  to  run  the  fan  was  4  H.  P.^ 
what  will  be  the  iiiial  j)Ower  due  U)  the  increivsed  speed? 

7.  What  size  fan  will  he  required  to  supply  a  schoolhouse 
having  300  pupils,  if  each  is  to  he  provided  with  3,000  cubic  feet 
of  air  per  hour?  What  speed  of  fan  w^ill  be  required,  and  w^hat 
H.  P.  of  engine? 

8.  What  advantages  has  the  plenum  method  of  ventilation 
over  the  exhaust  metliod  ? 

9.  A  church  is  to  be  warmed  and  ventilated  by  means  of  a 
fan  and  heater.  The  air  supply  is  to  be  300,000  cubic  feet 
per  hour.  The  heat  loss  through  walls  and  windows  is  200,000 
B.  T.  U.,  when  it  is  10°  below  zero.  How  many  square  feet  of 
heating  surface  will  be  recpiired,  and  how  many  I'ows  of  pipe  deep 
must  the  heater  Ijc  with  steam  at  5  pounds  pressure  ? 

Ans.  14  rows. 

10.  A  schoolhouse  requiring  000,000  cubic  feet  of  air  per 
hour  is  to  \>e  supplied  with  a  cast  iron  sectional  heater.  How 
many  square  feet  of  radiating  surface  will  be  required  to  raise  the 
air  from  10^  l>elow  zero  to  70°  above,  with  a  steam  pressure  of  20 
pounds  ? 

Ans.  528  square  feet. 

11.  What  velocilics  of  air-flow  in  the  main  duct  and 
branches  are  conimoiih'  used  in  connection  with  a  fan  svst(Mn? 

1-.  A  main  lienter  is  to  be  desiu^ned  for  nso  in  connection 
with  a  fan.  How  many  s(jnar(»  feet  of  radiation  will  be  required 
to  warm  1,000,(H)()  eul)ic  fet^t  of  air  per  luMir,  from  a  temperature 
of  10°  below  zero  to  70°  al)ov(%  with  a  steam  ])ressui"e  of  20 
j)oun(ls  and  a  velocity  of  800  ft'ct  [>er  miinite  between  the  pipes  of 
the  heater?      How  many  rows  o!    [)ipe  deep  must  the  heater  be? 

Ans.  882  square  feet. 

13.  State  in  a  biicf  niiMiner  the  essential  parts  of  a  system 
of  automatic^  tcmpei-aiure  control. 

14.  What  advantairt*  does  an  indirect  steam  heatin^f  system 
have  over  furnac(^  heating  in  schoolliouse  work? 

15.  The  air  in  a  restaurant  kitchen  is  to  be  changed  every 
10  minutes  l)y  means  of  a  <lisc  fan.  The  room  is  20  X  30  X  10, 
Give  size  and  speed  of  fan  and  II.  1*.  of  motor. 
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